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ABSTRACT 
 
Various manufacturing practices are used to produce Emmental cheese. Traditional Swiss Emmental 
utilizes copper vats, whereas Finnish Emmental is manufactured using stainless steel cheese vats, and a 
copper sulfate solution is added into the cheese-milk to reach copper levels in the final cheese of a 
maximum 15 ppm. Finnish Emmental is recognized for its very good quality and is of great economic 
importance for the Finnish dairy industry. 
To elucidate the effects of copper individually on the starters and adjunct cultures utilized for 
commercial Finnish Emmental manufacture, thirteen strains belonging to Lactobacillus delbrueckii, 
Lactobacillus helveticus, Lactobacillus rhamnosus, Streptococcus thermophilus and Propionibacterium 
freudenreichii species were exposed to various copper concentrations supplemented in a laboratory 
culture medium that favors their growth and were incubated for various times at relevant temperatures. 
Two different growth media were used for Propionibacterium freudenreichii, and incubation in aerobic 
and anaerobic atmospheres was performed in the experiment with Streptococcus thermophilus. The cell 
growth and viability were monitored together with pH measurements. Among all the species 
considered, Streptococcus thermophilus was the most sensitive species, and Lactobacillus delbrueckii 
was the less sensitive one to the presence of copper in the growing media. Anaerobic incubation 
increased the sensitivity of Streptococcus thermophilus to copper. There was considerable species- and 
strain-dependent variation in the copper resistance. 
To investigate the effect of copper on the quality of Finnish Emmental, experiments were performed at 
the pilot plant scale, simulating commercial cheese manufacture conditions. Various sets of cheeses 
were produced with and without copper supplement in the cheese-milk and with and without the 
incorporation of the protective strain Lactobacillus rhamnosus LC705. The cheeses were examined at 1, 
7, 30, 60 and 90 days from microbiological, chemical and sensory viewpoints. The presence of 
supplemented copper affected the level of organic acids, the level of primary and secondary proteolysis 
and sensory properties of the cheeses. 
To investigate the effects of copper on the spore germination, vegetative growth and sporulation of 
Clostridium tyrobutyricum, the spore suspension of three different strains were used in two different 
experimental set-ups (studies), including three different copper concentrations (7.5, 15 and 30 ppm) as 
a supplement in the medium. One study was designed to determine the effects of copper supplemented 
in the growing medium on germination and growth using platings. The second study was designed to 
follow the effects of copper on growth followed by OD measurement and sporulation by platings after 
  
7 
 
heat treatment of the samples. Inhibition of germination, growth and sporulation was observed in all 
three strains in a strain-depended manner. 
In addition, the results from studies on the cross-reactions of three different polyclonal antisera raised 
against exponential growth cells of L. rhamnosus GG, L. rhamnosus LC705, L. delbrueckii ssp. lactis ATCC 
15808 are included in this thesis. The three polyclonal antisera were used as antigens to screen for 
possible cross-reactions with whole bacteria cells protein extracts of L. rhamnosus GG, L. rhamnosus 
LC705, L. delbrueckii ssp. lactis ATCC 15808, L. helveticus 1175, E. coli HAMBI 99 and C. tyrobutyricum 
ATCC 25755, using one-dimensional gel electrophoresis and Western blotting. Cross-reactions of C. 
tyrobutyricum ATCC 25755 extract proteins with the anti-L. rhamnosus LC705 antiserum revealed 
several common epitopes between these two bacterial strains. 
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PCA  Principal component analysis 
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TBST   Tris-buffered saline Tween 20  
TCA  Trichloroacetic acid 
TN  Total nitrogen 
SDS-PAGE Sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
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1 INTRODUCTION 
 
Traditionally, Swiss Emmental cheese manufacturing uses copper vats; consequently, the copper levels 
in the cheeses range between 7.6 and 16.5 ppm (Sieber et al., 2006). The copper ions that leach from 
the cheese vat preferentially bind casein and other proteins in the milk and therefore pass to the 
cheese. 
If copper vessels are used, then tinning of copper and brass vessels are recommended to protect from 
excessive contamination by copper. However, this process is expensive and laborious (IPCS, 1998). 
Actual production capacities for manufacturing Emmental cheese have become much larger, and for 
economic reasons, most Emmental cheese production facilities utilize stainless steel cheese vats. 
However, some manufacturers add copper to the cheese milk in the form of a copper sulfate solution 
whether other manufacturers do not add copper into the cheese milk. 
In Finland, where Emmental cheese is produced in stainless steel cheese vats, copper is added into the 
cheese milk as a CuSO4 supplement to increase the copper concentration of the milk from less than 0.1 
ppm to 1.3 ppm. With this supplement, the final copper level in the cheeses is usually between 13 to 15 
ppm, which represents the highest acceptable level.  
Due to the essential but at the same time toxic nature of copper, microbial organisms have mechanisms 
                                                (           O’H         2003).  
In the past, few studies have been performed to elucidate the effects of copper on bacteria related to 
Emmental cheese and consequently its role in the final quality of the cheese (Mueller et al., 1952, 
Kiermeier et al., 1961 and Maurer et al., 1975). These studies suggested that under- or over-dosing of 
copper might cause quality defects in the final quality of cheeses. 
Despite the economic importance of Emmental cheese for the Finnish dairy industry, no studies have 
been published on the effects of copper supplementation in the cheese milk on the Emmental cheese. 
Additionally, some research has demonstrated the advantage of utilizing copper alloys versus stainless 
steel ones due to the protective effect of copper against clostridial spores as well as against many other 
microorganisms (Weaver et al., 2007; Grass et al., 2011). The main causative agents of late blowing in 
Emmental cheeses are certain species of Clostridium, mostly Clostridium tyrobutyricum. Late blowing is a 
defect characterized by undesirable gas production that causes texture defects and high butyric acid 
production, which causes flavor defects. No studies have been published on the effect of copper on this 
spoilage bacterial species. 
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This study therefore concentrated on three topics: I the effect of copper on the beneficial bacteria 
related to Finnish Emmental cheese including both starters and adjunct cultures utilized in the cheese 
manufacture, II its role in the manufacture of Finnish Emmental cheese and III its effects on the spoilage 
bacterial species, namely Clostridium tyrobutycum, in Emmental manufacture. 
In addition, the results from studies on cross-reactions of three different polyclonal antisera raised 
against exponential growth cells of L. rhamnosus GG, L. rhamnosus LC705, L. delbrueckii ssp. lactis ATCC 
15808 are included in this thesis. Early detection of clostridial spores in milk, especially spores of Cl. 
tyrobutyricum, has been the objective of several research works summarized by Bergère and Sivelä, 
1990. Immunological methods have the advantages of being relatively fast, very specific and sensitive. 
The polyclonal antisera of L. rhamnosus GG, L. rhamnosus LC705, L. delbrueckii ssp. lactis ATCC 15808 
were used as antigens to screen for possible cross-reactions with whole bacteria cells protein extracts of 
L. rhamnosus GG, L. rhamnosus LC705, L. delbrueckii ssp. lactis ATCC 15808, L. helveticus 1175, E. coli 
HAMBI 99 and C. tyrobutyricum ATCC 25755, using one-dimensional gel electrophoresis and Western 
blotting.  
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2 REVIEW OF THE LITERATURE 
 
2.1 Copper: identity, physical and chemical properties 
 
Copper (Cu), the 26th m                m        h      h’         x         w  stable and nine 
radioactive isotopes (Chaturvedi and Henderson, 2014). Cu is the 29th element and the first in group IB 
of the periodic table. Cu displays four oxidation states: metallic Cu0, cuprous ion Cu+, cupric Cu2+ and 
trivalent copper Cu3+. Cu also forms organometallic compounds. The natural isotopic abundance is 
 69.17% 63Cu and 30.83% 65Cu, giving the element an average relative atomic mass of 63.546 (Lide and 
Frederikse, 1993). 
Pure Cu is a bright red, hard and easily forgeable metal. It is found in a wide variety of mineral salts and 
organic compounds and can also be found naturally in elemental or metallic form. The common 
oxidation states of soluble copper are the cuprous (Cu+ 3d10) or the cupric (Cu2+ 3d9) forms. The 
chemistry of the element, especially in biological systems, is profoundly affected by the electronic/ 
oxidation state. The electrochemical properties of Cu are its main value from the biological viewpoint. 
The high redox potential of the Cu+/Cu2+ couple allows this element to act as an excellent 
donor/acceptor in redox reactions (Crichton and Pierre, 2001). Facile exchange between oxidation states 
endows the element with redox properties, which may be of an essential or deleterious nature in 
biological systems (Cotton and Wilkinson, 1989). Different types of copper combinations with proteins 
make copper enzymes to exhibit a redox potential that ranges between +200 and +800 mV, which may 
possible the direct oxidization of substances such as ascorbate, catechol and phenolates (Grass et al., 
2011). 
In natural aqueous environments, the most important oxidation state of copper is Cu2+. Any Cu+ is 
rapidly oxidized by any oxidizing reagent present unless it is stabilized by complex formation. Cu2+ ion 
binds preferentially via oxygen to inorganic ligands such as H2O, OH
-, CO3
2-, and SO4
2- and to organic 
ligands via phenolic and carboxylic groups. Almost all the copper in biological samples is in complexes 
with organic compounds (Neuebecker and Allen, 1983; Nor, 1987; Allen and Hansen, 1996). The 
trivalent form of Cu exists only in a few compounds and is a strong oxidizing agent (Cotton and 
Wilkinson, 1989). Many Cu2+ compounds and complexes are soluble in water and have a characteristic 
aqua-blue-green color. 
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2.2 Effects of copper on various microorganisms 
  
Cu is required in trace amounts for the growth and functioning of microorganisms because it is a 
cofactor for numerous enzymes. In addition, proteins containing Cu are important electron carriers. Cu 
must therefore enter microbial cells in trace levels; however, elevated concentrations can exert a toxic 
lethal effect (Trevors and Cotter, 1989). 
Cu and its alloys are natural antimicrobial materials. Ancient civilizations exploited the antimicrobial 
properties of Cu long before the concept of microbes was understood in the nineteenth century.  The 
Smith Papyrus (2400 BC) is recognized as the earliest medicinal archive that recommended copper for 
water sterilization and also to treat infections (Dollwet and Sorenson, 1985). Recent human and animal 
studies suggest a parallel between ancient medicinal copper use and antibacterial immune functions 
(Chaturvedi and Henderson, 2014).  
The toxicity of Cu is affected by factors such as pH, redox potential (Eh), moisture, temperature, Cu 
binding to environmental constituents and interactions with other ions (Babich and Stotzky, 1980 and 
Gadd and Griffiths, 1978). The redox cycling reactions alternating between Cu2+ to Cu+ results in the 
transfer of electrons to hydrogen peroxide (H2O2), generating hydroxyl radicals (OH·) that readily attack 
and damage cellular biomolecules (Espirito Santo et al., 2010).  Under anaerobic conditions, the 
conversion of Cu2+ to Cu+ may be responsible for the decreased survival of bacteria (Beswick et al., 1976; 
Macomber and Imlay, 2009). 
Reactive hydroxyl radicals can be generated via a process analogous to the Fenton reaction as follows: 
Cu+ + H2O2 → Cu
2+ + OH- + OH∙  
(Macomber and Imlay, 2009). 
The extremely reactive OH∙ may participate in many reactions with deleterious effects on microbial cells 
(Yoshida, et al., 1993). 
One of the molecular mechanisms described for microbial inactivation is the interaction of Cu with 
lipids, causing their peroxidation and opening holes in the cell membranes, which can affect cell integrity 
(Domek et al., 1984, Yoshida, et al., 1993). In addition, Cu can cause damage to microbial cells by 
reacting with membrane proteins (Yoshida, et al., 1993). The majority of Cu stress in Escherichia coli, as 
indicated by OH· formation, occurs within the periplasm, away from the cytoplasm DNA, and is thus Cu-
mediated oxidative stress (Macomber et al., 2007). 
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It has also been suggested that Cu ions can lead to the depletion of sulfhydryls groups such as in 
cysteine and glutathione with further generation of H2O2 (Grass et al., 2011). 
Three main general mechanisms have been described for microbial copper tolerance: copper efflux, 
copper sequestration and copper oxidation (Chaturvedi and Henderson, 2014). 
The best-known bacterial cuproproteins are located in the periplasmatic space, most likely to 
compartmentalize Cu potential toxicity. Cu cytoplasmatic availability is highly controlled; one of the first 
responses of E. coli to even mild copper stress is the expression of the efflux pump CopA, which removes 
Cu from the cytosol into the periplasm (Changela et al., 2003). 
In E. coli, the cue- and cus-system are responsible for Cu efflux. The cue system transcriptionally 
activates the chromosomally encoded Cu homeostatic system as well as the plasmid encoded Cu 
homeostatic system. The cus-system is an independent Cu efflux system that acts in aerobic conditions, 
conferring tolerance for moderate to high copper levels (Outten et al., 2001). 
Earlier studies have already suggested that the mechanism for Cu resistance includes transformations of 
the metal to less toxic forms and decreases accumulation due to efflux or exclusion mechanisms (Van 
Houwelingen et al., 1985). Capsular polysaccharides of bacteria were suggested to play a role in 
protecting the cells from metallic ions (Bitton and Freihofer, 1978). Ishihara et al. (1978) suggested that 
Cu resistance may be plasmid-encoded. Trevors and Cotter (1989) later suggested that the presence of a 
plasmid may affect other cellular functions and indirectly alter the cell ability to tolerate Cu. 
Recent studies suggest that bacteria deploy proteins and small molecules to bind and sequester 
intracellular Cu (Bagai et al., 2008; Xue et al. al.; 2008 and Mealman et al., 2012). Low-molecular-weight 
proteins, which act as iron chelating agents (siderophores), also sequester extracellular Cu and protect 
bacteria by minimizing extracellular Cu penetration into the cell (Chaturvedi and Henderson, 2014).  
Cu-binding chaperons may protect cytoplasm from Cu-mediated oxidative stress by preventing the 
accumulation of significant intracellular concentrations, producing chelators such as glutathione, or by 
efflux (Espirito Santo et al., 2010). Certain Lactobacillus strains have exhibited the ability to chelate Cu2+ 
ions (Lee et al., 2005 a, b). 
E.coli uses the CueR-regulated multicopper oxidase CueO to oxidase toxic Cu+ to its less toxic Cu2+ form 
as a mechanism for detoxification of extracytoplasmatic Cu+ (Grass and Rensing, 2001). CueO is a very 
well-characterized bacterial multicopper oxidase that oxidase substrates using oxidizing equivalents in 
molecular oxygen. The oxygen requirements of oxidases render them inactive under anoxic conditions 
(Chaturvedi and Henderson, 2014). 
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2.3 Copper in the Emmental cheese manufacture 
 
Cheese copper vessels have been traditionally used for manufacturing semi-hard and hard cheeses such 
as hard Italian cheeses and Swiss cheeses. In Switzerland, Bavaria and parts of Austria, Swiss cheese is 
still produced in Cu vats.  In Finland and some other European countries as well as in the United States, 
most Swiss cheeses are made in stainless-steel vats with or without the addition of CuSO4 salt solutions. 
Cheese made in stainless-steel vats may contain only 0.5- 1.5 mg/kg Cu, whereas cheese made in tinned 
copper vessels contain Cu levels between 0.5 – 33.8 mg/kg Cu (Mueller et al., 1952). 
The copper levels of Swiss Emmental range between 7.6 and 16.5 mg/kg (Sieber et al., 2006).  
The copper content, together with other parameters, was analyzed in Emmental cheeses produced in 
summer and winter in an attempt to differentiate Emmental cheeses from different European regions 
(Pillonel et al., 2005). The Cu concentration in cheese was significantly higher in the regions still using 
traditional copper vats: Austria, Switzerland, Germany and France. However, some very low values were 
also observed in Germany and France. In this study, the Finnish cheese samples examined contained a 
higher Cu content, which was attributed to the addition of CuSO4 salts to the cheese milk prior cheese 
making. 
 
2.3.1 Effect of copper on bacteria related to Emmental cheese 
 
Few isolated reports exist on the physiological and biochemical activities of lactic acid bacteria (LAB) and 
propionic acid bacteria (PAB) in relation to Cu. The first published study reporting the effect of Cu in the 
micro-flora related to Emmental cheese was conducted by Mueller and co-workers (1952). These 
authors concluded that bacteria associated with Swiss manufacture vary considerably in their behavior 
toward Cu. 
Cu affects propionic fermentation and inhibits lactate dehydrogenase of LAB and PAB, particularly of 
PAB. The inhibition of L(+) lactate dehydrogenase of LAB and PAB has been reported by Kiermeier and 
Weiss (1969) and Kiermeier and Weiss (1970). 
Maurer et al. (1975) also reported a wide variety of sensitivities to Cu by Streptococcus (S.) thermophilus 
strains. The Lactobacillus (L.) species generally appear to be the least affected; however, the different 
strains tested exhibited different tolerances. The growth of PAB was clearly affected in a strain-
dependent manner. 
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Perez et al. (1987) reported that the ratio of citrate to copper present in the cheese plays an important 
role in the inhibition of PAB. The metabolism of citrate by certain facultatively heterofermentative 
lactobacilli, which occurs before propionic acid fermentation in Emmental cheese, leads to the release of 
Cu complexes. 
 
2.4 Characteristics of Emmental Cheese 
 
2.4.1 Swiss Emmental cheese  
 
Swiss-type cheeses were originally manufactured in the Emmen valley (Emmental) in Switzerland; 
precursors of these cheeses were various mountain cheeses. Emmental cheese is most likely the best-
known Swiss-type cheese and is frequently referred to as "Swiss cheese". Swiss-type cheeses have 
round, regular cherry-sized eyes of 1±3 cm (Fröhlich-Wyder and Bachmann, 2004). 
Swiss Emmental is cylindrical in shape with a firm dry rind; the weight of the cheeses is between 60-130 
kg and may contain from 1000 to 4000 round eyes with diameters ranging from 1-4 cm caused by 
propionic acid bacteria fermentation. The cheese body is ivory to light yellow and slightly elastic 
(Fröhlich-Wyder and Bachmann, 2004). Emmental cheese possesses a mild, slightly sweet flavor, which 
become more aromatic with increasing age (Warmke et al., 1996). 
Swiss Emmental is manufactured with raw milk from cows that have not been fed on silage. The addition 
of between 12-18% water to the milk or to the curd leads to a relatively high pH after the lactic 
fermentation (5.2-5.3), which consequently accelerates propionic acid fermentation. This step also 
ensures a soft and elastic texture crucial for regular eye formation and explains the high calcium content 
in Emmental cheese. The curd is cooked at 52-54 °C, the cheeses are brine-salted and maturated in a 
warm room (23 °C for a period of time of 40-60 d) to promote propionic acid fermentation, which is 
followed by maturation at 13 °C. The total ripening period can range from 4 to 8 months and up to 15 
months (Fröhlich-Wyder and Bachmann, 2004). 
 Typically, a 3-4 month cheese contains 29% protein (including protein degradation products), 31% fat 
(48% in the dry matter), 35% water (51% in the fat-free cheese), 0.5% salt (1.4% in the water phase), 
0.7% propionic acid and 0.2% CO2 (Walstra et al., 2006). 
Emm     ’                          h     h           . O      f w            h    Sw            h  
Eastern part of France, Austria and South Germany manufacture Emmental by traditional methods using 
raw milk and copper vats (Pillonel et al., 2005). 
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2.4.2 Finnish Emmental cheese 
 
The manufacture of commercial Finnish Emmental differs from that of Swiss Emmental in several 
aspects. The milk undergoes a mild pasteurization treatment, the cheeses are elaborated using stainless-
steel vats, and in most cases, a CuSO4 salt solution is added to the cheese milk. 
In addition, different species and strains of LAB and propionibacteria are utilized. Cheeses are made in 
blocks of 80 kg and are wrapped in polyethylene bags, though no rind formation occurs. The total 
ripening periods can range from 3 to 9 months depending on the intended final product. Therefore, 
commercial cheeses fall under the following categories: 
- Minimum 3-month-old cheese or Emmental Sinileima (‟                     h) 
- Minimum 6-month-old cheese or Emmental Punaleima (‟                    h) 
- Minimum 9-month-old cheese or Emmental Mustaleima (‟    k                 h) 
The ripening time accounts for the highest quality score. However, the 3-month ripened cheeses are the 
most important from the commercial viewpoint because of their production volume. 
 
2.4.3 Main aspects related to Emmental cheese ripening 
 
2.4.3.1 Lactic acid fermentation 
 
Emmental cheese and all Swiss type hard-cheese varieties are produced using mainly thermophilic lactic 
acid bacteria as starters, more often as mixed cultures of lactobacilli (L. helveticus, L. delbrueckii ssp. 
lactis) and streptococci (S. thermophilus) (Fröhlich-Wyder and Bachmann, 2004).  
The S. thermophilus culture serves as the initial and primary lactic acid producer (Fröhlich-Wyder and 
Bachmann 2004).  
The genus Streptococcus belongs to the family Streptococacceae, which also contain the genera 
Lactococcus. Streptococcus are generally coccoid shaped bacteria with variable growth at 45 °C and 
produce only lactic acid from glucose (Lahtinen et al., 2012). 
Lactobacillus cultures are secondary acid-producers that help to control the cheese pH and are the main 
cultures responsible for the proteolysis in the later stages of ripening, greatly contributing to the 
formation of specific flavor compounds (White et al., 2003). 
The genus Lactobacillus belongs to the Lactobacillaceae family. Lactobacillus are facultative anaerobes, 
rod-shaped bacteria, generally non-spore formers that are able to grow at temperatures ranging from  
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10 °C to 45 °C. Lactobacillus ferment glucose, producing mainly lactic acid and may or may not produce 
CO2. The D- or L- isomers, or a racemic mixture of both lactic acid isomers, can be produced (Lahtinen et 
al., 2012). 
Streptococci produce only L-lactic acid, whereas L. delbrueckii ssp. lactis converts glucose entirely to D-
lactate. Both isomers are produced by L. helveticus. The lactose in milk is fully hydrolyzed within 4-6 h 
after the addition of the lactic starters, and the lactic acid fermentation is completed after 24 h. 
Galactose from the lactose breakdown is not utilized by S. thermophilus; however, it is metabolized by 
lactobacilli. It is important that all galactose is consumed, as remaining galactose may be a source of 
energy for adventitious organisms with a concomitant unwanted fermentation (Fröhlich-Wyder and 
Bachmann, 2004). 
The purpose of the facultatively heterofermentative non-starter lactobacilli in the artisanal Swiss cheese 
industry is to slow down the propionic acid fermentation and to prevent late fermentation (Steffen et 
al., 1993, Kocaoglu-Vurma et al., 2008). The facultatively heterofermentative non-starter lactobacilli 
originate from the cheese milk and survive pasteurization; however, they may also arise from the 
production environment (Mc Sweeney., 2007). The growth of non-starter lactic acid bacteria (NSLAB) 
appears to be supported by sugars released via the enzymatic hydrolysis of glycoproteins (k-casein), 
sugars from membrane glycoproteins and glycolipids present in milk-fat globules and also from ribose-5-
phosphate, N-acetylglucosamine, glucose and amino acids released from the lysed starter cells (Laht, 
2002). 
NSLAB may include L. casei and L. rhamnosus, L. paracasei, L. curvatus and L. plantarum (Steffen et al., 
1993 and Laht et al., 2002). During cheese ripening, these organisms can grow by utilizing the citrate 
present in fresh unripened cheese. From the initial normal levels of citrate (9 mmol/kg) present in the 
cheese curd, indigenous NSLAB utilizes approximately one third, whereas added adjunct NSLAB cultures 
metabolize all the available citrate to formic acid, acetic acid and CO2 (Steffen et al., 1993). 
The lactic acid produced by the starter bacteria strongly affects the cheese quality. The lactic acid 
removes calcium from the paracasein-calcium phosphate complex, affecting the syneresis, which in turn 
affects the proteolysis and texture characteristics.  Lactic acid also acts as a preservative by lowering the 
pH from the level of 6.6 - 6.8 (milk) to 5.1 -5.3 (unripened cheese). Lactic acid is the substrate for the 
subsequent propionic acid fermentation during warm room fermentation (Steffen et al., 1993). 
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2.4.3.2 Propionic acid fermentation 
 
Emmental, as most of Swiss type cheeses, undergoes more or less pronounced propionic acid 
fermentation that either occurs spontaneously or because the addition of a selected culture of propionic 
acid bacteria (PAB) (David et al., 2010). Propionibacteria occur naturally in the rumen and intestine of 
ruminants, in soil and in silage. Propionibacteria, belonging to the Propionibacterium freudenreichii 
species, are used in the manufacture of cheeses with propionic acid fermentation (Fröhlich-Wyder and 
Bachmann, 2004). 
Propionibacteria are Gram-positive, non-motile, non-sporulating, short-rod, catalase positive organisms 
that only grow at low oxygen concentrations (anaerobic to aero-tolerant). Propionibacteria grow at a pH 
between 6 and 7 with an optimum growth temperature at 30 °C but can also grow at 14 °C. They are 
sensitive to salt, and a salt concentration of 5% (w/v) in the aqueous phase can stop their growth 
(Fröhlich-Wyder and Bachmann, 2004). 
PAB are heterofermentative and metabolize various carbohydrates (including glucose, galactose, 
fructose and lactose), various alcohols (including glycerol) and organic acids (including pyruvate and 
lactate, the preferred substrate) to a mixture of propionate, acetate, succinate and carbon dioxide (Jan 
et al., 2007). For their growth, PAB require some vitamins, such as pantothenic acid and biotin, certain 
ions, such as iron, magnesium and cobalt, and other constituents of yeast as a source of amino acids and 
nitrogen. Propionibacteria can develop well in cheese from low numbers; however, they do not grow in 
milk (Piveteau et al., 2000). 
For typical Swiss Emmental, the inoculum size is very small (only a few hundred colony-forming units 
(CFU) per vat containing approximately 1000 L of milk). Propionic acid fermentation in traditional Swiss 
cheese begins approximately 30 days after manufacturing and at approximately 20-24 °C; the so-called 
warm room fermentation occurs for approximately 7 weeks and then continues at a slower rate at 10-13 
°C. In cheeses ready for consumption, the level of PAB is approximately 108-109 CFU/g of cheese 
(Fröhlich-Wyder and Bachmann, 2004). A spontaneous fermentation by PAB leads to irregular eye 
formation because of the great strain diversity present (Fröhlich-Wyder and Bachmann, 2004). 
The metabolism of PAB in cheese is very complex. Three mechanisms have been described for the 
transformation of lactate by PAB that appears to occur in cheese (Figure 1). Metabolic pathway (A) 
describe a classical propionic acid fermentation, metabolic pathway B has been described as a pathway 
of minor importance (Sebastiani and Tschager, 1993) and metabolic pathway C involves the 
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fermentation of aspartate to succinate with no propionate production (Crow and Turner, 1986 and 
Crow, 1986). 
 
 
 
 
 
 
 
 
Figure 1. Metabolic pathways for the utilization of lactate by PAB (Fröhlich-Wyder and Bachmann, 2004). 
 
2.4.3.3 Proteolysis 
 
The proteolysis in cheese is usually divided into three phases: proteolysis in milk prior to cheese 
manufacture, proteolysis originating from the enzymatically induced coagulation of the milk, and 
proteolysis that occurs during cheese ripening (Fox 1989). In Swiss-type cheese, most of the coagulant 
(chymosin) is inactivated during the heating of the curd and does not play a significant role in 
proteolysis. In these cheeses, indigenous milk proteinases, such as plasmin and the proteolytic enzymes 
of lactic acid bacteria, are the main components responsible for protein breakdown, with proteinases 
and peptidases of lactobacilli being the major players in casein breakdown during cheese ripening 
(Steffen et al. 1993).  The primary                 f     m      β-casein are Lys28-Lys29, Lys105-His106 
and Lys107-G  108;  h                    β-CN(f29–209) (ϒ1-CN)  β-CN(f106–209) (ϒ2-CN) and ϒβ-
CN(f108–209) (ϒ3-CN) (Sousa et al., 2001). Aminopeptidases of starter bacteria, released early during 
ripening after lysis of the organisms, remained active over a long period, contributing greatly to the 
overall proteolysis in Emmental cheese (Gagnaire et al., 2001a). 
Streptococci play a minor role in proteolysis. The Lactobacillus spp. are the major contributors to 
proteolysis in Emmental cheese. L. helveticus was used before as a main component of starter cultures 
for Swiss Emmental. However, their intensive peptidolytic activity may promote late fermentation, and 
(A) Classical propionic acid fermentation: 
3 mol lactate          2 mol propionate + 1 mol acetate + 1 mol CO2 + 1 mol ATP 
 
(B) Formation of succinate during propionic acid fermentation by CO2-fixation: 
3 mol lactate    (2-x) mol propionate + 1 mol acetate + (1-x) mol CO2 + x mol succinate 
 
(C) Fermentation of aspartate to succinate during propionic acid fermentation: 
3 mol lactate + 6 mol aspartate  3 mol acetate + 3 mol CO2 + 6 mol succinate +  
                                                                  6 mol NH3 + 3 mol ATP 
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consequently, it has been replaced by L. delbrueckii ssp. lactis (Fröhlich-Wyder and Bachmann, 2004). 
For Finnish Emmental, L. helveticus remains used in the manufacture. 
Propionic acid bacteria do not possess significant proteolytic activity (Gagnaire et al., 2001b). It has been 
demonstrated that autolysis of P. freudenreichii was limited and occurred very late during cold storage, 
suggesting this as one of the reasons for less contribution of pronionibacteria to proteolyisis (Valence et 
al., 1998). When raw milk is utilized, certain microorganisms of the indigenous flora of milk, such as 
enterococci and micrococci, may possibly be involved in proteolysis (Steffen et al., 1993). The proteolytic 
enzymes from psychrotrophs present in milk after prolonged cold storage sometimes affect ripening and 
flavor development (Fröhlich-Wyder and Bachmann, 2004). 
The activities of proteolytic enzymes in cheese depend on the water content, lactic acid concentration, 
pH, storage temperature, storage time, NaCl concentration, water activity (aw) and Cu content (Steffen 
et al., 1993). 
The proteolytic enzymes of microorganisms in cheese split the casein network into short chain water-
soluble compounds, peptones, polypeptides, peptides and amino acids. These metabolites also 
contribute to the development of the characteristic flavor, body and texture of Swiss-type cheese. The 
amino acids may be further decomposed enzymatically by decarboxylation, deamination and 
transamination; however, non-enzymatic reactions are also involved (Steffen et al., 1993). 
The level of soluble nitrogen, including peptides and free amino acids, increase gradually during ripening 
with a factor above 3 from the brining to the end of ripening period. The main increase in the proteolysis 
index of Emmental occur during the warm room period; the intensity of proteolysis then decrease due 
to cold room storage (Gagnaire et al., 2001a). Increased proteolysis during this ripening period ensured 
the needed changes in the microstructure of cheese. Additionally, during this ripening period, the holes 
(eyes) are formed as the cheese body becomes longer, with elastic properties, high deformability, a 
quite high fractural stress, and high cohesion Steffen, et al. (1993). 
 
2.4.3.4 Lipolysis 
 
The level of lipolysis does not need to be extensive to make an important contribution to the flavor of 
Emmental cheese.  In this type of cheese, the level of lipolysis is moderate during ripening, between 1-2 
% of the fat, but essential for a good flavor balance (Lopez et al., 2006). FFA are important flavor 
precursors; they can be transformed into different volatile compounds such as alcohols, aldehydes, 
esters, methyl ketones and lactones (Collins et al., 2003).  Short- and intermediate-chain, even-
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numbered fatty acids (C4:0-C12:0) have low flavor thresholds, and each has a characteristic flavor note 
(Chamba and Perreard, 2002).  The sources for lipolysis in Emmental cheese are the bacterial lipases and 
the indigenous lipoprotein lipase (LPL) in milk, whose activity is drastically reduced by cooking to a 
temperature greater than 50 °C. In Emmental cheese, the main source of lipases is the microbial flora 
(Lopez et al., 2006). The contribution of LAB to Emmental cheese lipolysis is very limited; S. thermophilus 
possesses the highest lipolytic activity among LAB. Propionibacteria account for the highest lipolytic 
activity among the flora associated with Emmental cheese; however, the lipolytic activity is a highly 
strain-dependent property (Fröhlich-Wyder and Bachmann, 2007). 
 
2.4.3.5 Flavor formation 
 
Cheese flavor depends first on the milk used for the cheese manufacturing. Cheese flavor also depends 
on the different operations involved in cheese making and cheese ripening; the high temperatures 
applied during the early stages of manufacture and pressing of Swiss cheeses are essential for flavor 
development. The two main components of the Emmental cheese flora (thermophilic lactic acid bacteria 
and propionibacteria) are known to be essential for the development of the characteristic flavor of Swiss 
cheese.  
The propionic acid fermentation mostly affects the flavor character of Emmental cheese, as it leads to 
the characteristic nutty flavor (Thierry et al., 2005). P. freudenreichii has been observed to produce 
flavor compounds of different origins such as lactic acid fermentation, lipolysis and amino acid 
catabolism in Emmental cheese; short chain carboxylic acids and ester were suggested to be the most 
probable volatile compounds affecting Emmental cheese flavor (Thierry et al., 2003). Propionic acid also 
makes Emmental cheese 1-1.5 units higher in sweetness than other hard cheese varieties (Fröhlich-
Wyder and Bachmann, 2004). 
Flavor components are generally divided into two major groups: volatile and non-volatile compounds. 
Volatile compounds include volatile short chain fatty acids, primary and secondary alcohols, methyl 
ketones, aldehydes, esters, lactones, alkanes, aromatic hydrocarbons and different sulfur- and nitrogen-
containing compounds. Methional and acetic and propionic acids are the most important volatile 
compounds for the typical Emmental flavor. The fruity odor note is mostly attributed to ethyl butanoate, 
ethyl 3-methyl butanoate and ethyl hexanoate. While furanones such as 4-hydroxy-2, 5-dimethyl-3(2H)-
furanone and 5-ethyl-4-hydroxy-2 methyl-3(2H)-furanone are responsible for the caramel-like flavor 
  
26 
 
(Fröhlich-Wyder and Bachmann, 2007). Magnesium and calcium propionate have been identified as 
being responsible for the sweetish note in the taste profile of Emmental cheese (Warmke et al., 1996). 
Even when lipolysis in Emmental cheese is very limited, it is necessary to develop its typical flavor. The 
total amount of FFA present in Emmental varies from 2 to 7 g/kg (Isolini et al., 2001).  
The non-volatile flavor compounds include peptides, free amino acids, amines, free fatty acids, salts and 
minerals. The peptides and free amino acids contribute to the background flavor. Free glutamic acid is 
mainly responsible for the umami taste. Salt (NaCl) and other minerals affect the saltiness and the total 
aroma intensity (Fröhlich-Wyder and Bachmann, 2007). 
 
2.4.3.6 Texture 
  
Texture and body are essential qualities in all cheeses. These two characteristics are closely related to 
the taste and shelf life of the cheeses. During ripening, the Emmental cheese texture changes from 
elastic to more friable and firm (Fröhlich-Wyder and Bachmann, 2004). Proteolysis in cheese leads to 
changes in texture and body. The high ratio of αs1: β-casein in Emmental cheese is highly responsible for 
its soft and elastic texture (Kerjean et al., 2001).  
Texture and body are also very closely related to eye formation in Emmental cheese (Fröhlich-Wyder 
and Bachmann, 2004). 
 
2.4.3.7 Eye formation 
 
The main characteristic of Swiss-type cheeses, in addition to the nutty and sweet taste, is their eyes. The 
quality, commercial value, and the acceptability of Swiss-type cheeses are greatly affected by the eye 
structure and pattern. The eye dimensions, distribution, and shape are of critical importance (Rosenberg 
et al., 1992). 
For eye formation, four main factors are needed: a source of gas, a certain gas pressure, nuclei for eye 
formation and an adequate body texture and rind (Fröhlich-Wyder and Bachmann, 2007) 
The characteristic eye formation of Emmental cheese is due mainly to the presence of CO2 produced by 
propionic acid bacteria during lactate breakdown. CO2 diffusion begins before propionic acid 
fermentation, with small quantities being produced during lactic acid fermentation.  In these cheeses, 
eye formation starts with lactic acid fermentation, most likely because of the activity of 
heterofermentative lactic acid bacteria. Some CO2 arises from oxidative decarboxylation of 6-
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phosphogluconate during the formation of lactate and acetate or ethanol from glucose. It has been 
demonstrated that lactic acid fermentation and protein breakdown are also sources of carbon dioxide 
(Steffen et al. 1993). The enlargement of the eyes, which occurs at a later stage, is most likely due to 
slight propionic fermentation and particularly to the carbon dioxide liberated by the decarboxylation of 
amino acids (Steffen et al., 1993). 
In a cheese loaf of approximately 80 kg, the total carbon dioxide production is approximately 120 liters 
before the cheese is sufficiently aged for consumption. Approximately 60 liters remains dissolved in the 
cheese body, approximately 20 liters are found in the eyes and approximately 40 liters diffuse out of the 
loaf (Fröhlich-Wyder and Bachmann, 2007). The temperature at which cheese is stored affects the 
growth of the propionibacteria as well as the elasticity of the protein network. Warmer cheese is 
associated with a more elastic protein network. The rate of gas development is also critical for eye 
formation. If gas develops too rapidly, the casein network may not be able to yield to the increased gas 
pressure, and splits will form. When gas forms too slowly, the cheese may become under-set, resulting 
in small eyes or blind cheese (no eyes). The duration of warm room fermentation must be appropriate 
as too long periods lead to an over-set cheese or cheeses with large eyes (White et al., 2003). 
 
2.5 Late blowing in Emmental cheese 
 
Late gas blowing is a defect that may appear one to two months after the cheese is formed. It is the 
most critical condition of eye defects and structure deformation in semi-hard and hard, high pH ripened 
cheeses. This condition is caused by the activity of Clostridium bacteria but can be generally avoided if 
the curd is produced properly and the moisture, pH and salt are optimum (Walstra et al., 2006). Butyric 
acid fermentation caused by spore germination and vegetative growth is one of the major causes of 
spoilage of semi-hard and hard cheeses including Emmental cheese (Fox et al., 2000).  
The clostridia most commonly observed in milk and milk products belong to the species C. 
tyrobutyricum, C. butyricum, C. beyerinkii, C. perfringens, C. tetanomorphum, C. sporogenes and C. 
bifermentans. These bacteria are strictly anaerobic, Gram-positive micro-organisms forming heat-
resistant endospores that survive pasteurization but not UHT treatments or sterilization of milk (Bergère 
and Sivelä, 1990). 
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2.5.1 Clostridium tyrobutyricum, the main causative organism of late blowing 
 
Clostridium tyrobutyricum is a Gram-positive, obligatory anaerobic, spore-forming bacterium. Based on 
16S rRNA analysis, C. tyrobutyricum fall within Cluster I, often referred to as Clostridium sensu stricto.  
C. tyrobutyricum is found ubiquitously in soil, silage, and other farm environments and is therefore often 
found in raw milk (Julien et al., 2008).  
C. tyrobutyricum is considered the principal causative organism of late blowing in cheeses with relatively 
high moisture contents and high-pH values. C. tyrobutyricum ferment lactic acid rendering as the main 
breakdown products: butyric acid, CO2, and H2 (Walstra et al., 2006). The defect is observed externally as 
a swelling of the cheese and internally as a collection of excessively large gas holes, ultimately 
culminating in one large gas cavity with a violent disruption of the internal cheese structure. The flavor is 
usually abnormal.  
C. tyrobutyricum is thought to enter cheese via raw milk contaminated with silage or bovine fecal 
material. The use of automatic milking systems has been demonstrated to increase the contamination of 
milk with anaerobic spores; the increase is attributed to insufficient cleaning of teats or milking 
equipment (Rasmussen et al., 2002). 
 
2.5.2 Methods of prevention of late blowing in cheese 
 
Many attempts have been made to eliminate or reduce contamination of milk with clostridial spores. It 
has been demonstrated that the use of good hygiene practices prior to milking can improve but not 
completely eliminate, contamination of milk with bacteria and spores (Magnussonet al., 2006). 
Techniques such as centrifugation and microfiltration of cheese milk can reduce the spores to 99% (Su 
and Inghan, 2000). However, bactofugation increases the cost of production and may reduce the yield of 
the cheese (Dasgupta and Hull, 1989).  
The use of preservatives, such as nitrate and lysozyme, has been shown to be effective in preventing 
late blowing in cheese (Gilles and Fryer, 1984; Walstra et al., 2006). 
The use of protective strains to avoid late blowing has been used more or less successfully. Inhibition of 
clostridia with LAB, in particular the inhibition of C. tyrobutyricum using specific strains of L. rhamnosus, 
has been demonstrated (Mäyrä-Mäkinen and Suomalainen, 1999). Lactic acid bacteria produce various 
antimicrobial compounds, such as organic acids, peroxide, diacetyl and bacteriocins. L. rhamnosus LC 
705 produce lactic acid and discompose citrate to diacetyl and acetoin. Additionally, this strain has been 
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reported to produce 2-pyrrolidone-5-carboxylic acid, a cyclic amino acid involved in the antimicrobial 
action of LAB (Mäyrä-Mäkinen and Suomalainen, 1999 and Yang, 2000). 
 
2.5.3 Detection of clostridial spores in milk 
 
2.5.3.1 Classical methods of detection 
 
The current method for detection of clostridial spores in milk is the most probable numbers (MPN) 
method after incubation in a liquid medium. The culture medium, heating time and temperature of the 
samples, the size of inoculums, and the number of inoculated tubes vary among countries and even 
among different laboratories in the same country. However, the most commonly used practice is based 
on an MPN procedure with three or five parallel tubes and two dilutions (Bergère and Sivelä, 1990). 
Commonly used sizes of inoculums are 1 and 0.1 ml. Reinforced clostridial broth, either with lactate or 
glucose supplements, is the prevalent medium. The greatest variations are in the heat treatments of the 
sample (before inoculation or just after inoculation). The incubation period is commonly 7 days at 37 °C. 
Detectable gas formation is recorded as a positive tube. The MPN of spores per ml is determined from 
the number of positive tubes using an MPN table. The method is relatively easy to perform in practice 
and is suitable for a large number of samples. However, the method has several disadvantages such as: 
the total analysis time is long (from 4-7 days), the method is not sensitive, a time/storage place is 
required for large-scale sample analysis, the method is not specific and C. tyrobutyricum spores are not 
determined exclusively unless a confirmation test is performed (Bergère and Sivelä, 1990). 
 
2.5.3.2 Prospective methods for detection of spores or vegetative cells in milk  
 
Other developed methods include: 
 Membrane filtration and culture on agar medium for counting spores of C. tyrobutyricum 
(Abgrall and Burgerois, 1985). 
 Immunological methods: either direct detection with specific antibodies against spore antigens 
or indirect detection using specific antibodies against vegetative cells that require the 
germination and vegetative growth of C. tyrobutyricum (Bergère and Favreau, 1987; Nedellec et 
al., 1994 and Talbot et al., 1994).  
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 DNA-based methods such as hybridization with species-specific DNA probes or by species-
specific polymerase chain reaction (PCR) and quantitative detection by real-time PCR (Herman 
     .  1                .  1             -E    quez et al., 2007). 
 Flow cytometry (FCM) combined with fluorescent-labeled specific polyclonal antibodies, 
specifically developed for the detection and presumptive identification of Clostridium 
tyrobutyricum spores in bovine milk (Lavilla et al., 2010).  
 
Immunological methods have the advantages of been relatively fast, very specific and sensitive. For 
years, many attempts have been made to develop immunochemical techniques for the rapid detection 
of clostridial spores in milk.  
The usual number of butyric-spore bacteria in milk is very low and rarely exceeds 100 spores per ml. 
However, a very low number of C. tyrobutyricum spores (from 1-10 ml spores/ml) in milk are sufficient 
to cause the defect in cheeses. Detection of such low numbers by an immunotechnique directly in milk 
will mean the detection of 1 picogram/ ml (dry weigh) within all milk constituents (125 mg/ ml) (Bergère 
and Sivelä, 1990). Bergère and Favreau (1987) developed a method of applying the Burgerois filtration 
method for collecting spores (Burgerois et al., 1984) and detecting spores directly on MF using an 
enzyme-amplified immunoassay coupling glucose oxidase and peroxidase. The limit of detection was 
one spore/membrane, corresponding to one spore per 50-100 ml of filtered milk. Later, Nedellec and 
co-authors (1994) optimized this immunological detection method by optimizing the staining procedure, 
allowing the level of detection to increase 10-fold. 
Herman and co-authors (1995) developed a method for direct detection of C. tyrobutyricum spores in 
raw milk. In this approach, C. tyrobutyricum spores were concentrated after chemical extraction of milk 
components and the vegetative bacterial cells were selectively lysed and their DNA digested and 
removed. The genomic DNA was liberated from the spores and used as a template for the PCR. In other 
study, a quantitative detection of C. tyrobutyricum    m  k        - m   C        w             (     -
E    quez et al., 2007). This method was designed to overtake the limitation of Q-PCR based method of 
false-negative results when applied for routine food analysis by using an internal amplification control, a 
non-target nucleic acid that is co-amplified with the target sequence. When the negative signal was 
obtained for the target sequence, the absent of the positive internal amplification control indicated that 
amplification has failed. 
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Lavilla and co-authors (2010) used a polyclonal antiserum raised against C. tyrobutyricum and two 
fluorescent molecules (fluorescein isothiocyanate and Alexa Fluor 488) conjugated to antispore 
polyclonal antibodies to detect C. tyrobutyricum spores using FCM. The signal intensity obtained with 
Alexa Fluor 488 conjugates was higher than the signal intensity obtained with FITC conjugates. The 
developed technique permitted the detection of 103 spores per 100 ml of milk in only two hours. 
Additionally, the technique seems useful for differentiation from other Clostridium species that also can 
cause late blowing in cheese. 
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3 AIMS OF THE STUDY 
 
Despite the economic importance of Finnish Emmental cheese for the Finnish dairy industry, there have 
not been any published reports on the effect of copper on the final quality of Finish Emmental, even 
though the addition of copper sulfate salt is a common practice in commercial Emmental cheese 
manufacture.  Additionally, there are few isolated reports on the effects of copper on the 
microorganisms related to Emmental cheese manufacture. No reports have been published on the 
effects of copper on C. tyrobutyricum, the main causative organisms of late blowing on this type of 
cheese. The use of certain so-called protective cultures has been proving to be an effective tool to 
reduce the spoilage caused by Clostridium species in semi-hard and hard cheeses. Commercial Finnish 
Emmental currently utilizes a protective L. rhamnosus (strain LC705) for this purpose, as its efficacy in 
reducing spoilage of Emmental cheese caused by this organism has been demonstrated (Mäyrä-Mäkinen 
and Suomalainen, 1999). However, research on a method for early detection of clostridial spores in milk 
as well as on alternative approaches to prevent late blowing continues actively.  
In pursuit of these aims, the following studies were planned and performed to elucidate the importance 
of supplemented copper in the cheese milk utilized in Emmental cheese manufacture for the final 
quality of this cheese.  
In study I, the purpose was to determine the role of copper on the beneficial bacteria of Emmental 
cheese. In this study, the growth and survival of pure strains of LAB and PAB starters, which are used in 
the Finnish Emmental cheese manufacture, were studied in the proper culture medium supplemented 
with copper sulfate. 
In study II, the goal was to elucidate the effects of copper on the final quality of Finnish Emmental 
cheese. The cheeses were produced at the pilot plant scale following a general protocol of 
manufacturing commercial Finnish Emmental, with some modifications. For this purpose, the 
experiments were designed in such a manner that cheeses with and without copper supplements in the 
cheese-milk were prepared. The effect of copper was determined by measuring some of the important 
cheese quality parameters, including the microbiological, chemical and sensory characteristics 
responsible for achieving a typical Emmental cheese. 
In study III, the aim was to examine possible effects of copper on C. tyrobutyricum, the main causative 
organisms of the Emmental cheese late blowing defect. The addition of copper may represent one 
method of reducing the risk of spoilage by this organism due to its deleterious effect on microorganisms. 
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The study was performed in laboratory culture medium using pure strains of C. tyrobutyricum to reveal 
the possible strain-dependency of Cu resistance. 
In addition, a preliminary study on particular cross-reactions of polyclonal antiserum against whole cells 
of L. rhamnosus LC705 and C. tyrobutyricum protein extracts is included in this thesis. The aim of this 
study was to examine the possible cross-reactions of polyclonal antibodies produced against three 
different Lactobacillus strains with C. tyrobutyricum whole cell proteins by applying immunoblotting 
following SDS-PAGE.  
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4 MATERIALS AND METHODS 
 
4.1 Bacterial strains (I & III) 
 
In study I, a total of 13 strains belonging to Lactobacillus delbrueckii, Lactobacillus helveticus, 
Lactobacillus rhamnosus and Streptococcus thermophilus and Propionibacterium freudenreichii species 
were used to evaluate the effects of various copper concentrations on the growth and viability. L. 
delbrueckii ssp. lactis strain ATCC 15808 was obtained from the American Type Culture Collection 
(ATCC). L. rhamnosus ATCC 53103 (also known as L. rhamnosus GG) was isolated from a commercial 
Gefilus® product made by Valio Ltd. S. thermophilus strain T101, P. freudenreichii ssp. freudenreichii 
strain P131, L. helveticus strains 1129, strain 1175 and strain 1518, L. delbruekcii ssp. bulgaricus strain 
LB270 and L. delbrueckii ssp. lactis strain LKT, LL23 and LL78; and L. rhamnosus strain LC705 and strain 
1/3 were obtained from Valio Ltd. (Helsinki, Finland). 
From the previously mentioned strains, the following strains were used for the immunization of rabbits 
to obtain the polyclonal antiserum: L. delbrueckii ssp. lactis ATCC 15808, L. rhamnosus ATCC 53103, and 
L. rhamnosus strain LC705. In addition, the following cultures were utilized for the preparation of whole 
cell protein extracts for the SDS-PAGE/ Western blotting test: L. delbrueckii ssp. lactis strain ATCC 15808, 
L. rhamnosus ATCC 53103, L. rhamnosus strain LC705, L.helveticus strain 1175, Escherichia coli strain 
HAMBI 99 obtained from the Finnish Culture Collection of Microorganisms and C. tyrobutyricum strain 
ATCC 25755. 
In study III, a total of three strains belonging to Clostridium tyrobutyricum were used to evaluate the 
effects of various copper concentrations on their germination, growth and sporulation. C. tyrobutyricum 
DSMZ 664 was obtained from the German Collection of Microorganisms and Cell Cultures, and C. 
tyrobutyricum ATCC 25755 and C. tyrobutyricum VHB 6 were obtained from Valio Ltd. (Helsinki, Finland). 
 
4.2 Preparation and preservation of stock cultures (I & III) 
 
The stock of each strain used in study I and for the immunization of rabbits to obtain the polyclonal 
antiserum and the preparation of whole cell protein extracts for the SDS-PAGE/ Western blotting test 
were cultivated at an exponential growth phase in laboratory growth medium and stored together with 
20% glycerol at -80 °C for long-term storage. S. thermophilus T101 was cultivated in M17 (Oxoid) 
supplemented with 2% (w/v) lactose (M17L); P. freudenreichii spp. freudenreichii P131 was cultivated in 
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Na-lactate broth (Tuomola et al., 1999); and all the Lactobacillus strains were cultivated in MRS (de Man 
Rogosa Sharpe) broth from Merck. E. coli HAMBI 99 was cultivated in  B B   h       x (D f  ™). 
For study III and for the preparation of whole cell protein extracts for the SDS-PAGE/ Western blotting 
test, the C. tyrobutyricum strains were cultivated in RCM agar plates (Merck) at 37 °C for 72 h; colonies 
were suspended in RCM broth (Merck) together with 20% glycerol and stored at -80 °C for long-term 
storage. 
 
4.3 Starter and adjunct cultures used on the elaboration of Emmental cheeses (II) 
 
In study II, the following culture concentrates, provided by Valio Ltd., were used in the manufacture of 
the cheeses in the dairy pilot plant of the Food and Environmental Sciences Department of the 
University of Helsinki. The starter cultures were composed of S. thermophilus T101 and of L. helveticus 
K16, and the secondary cultures were composed of P. freudenreichii spp. freudenreichii P131 and the 
protective culture of L. rhamnosus LC705. 
 
4.4 Culture conditions to study the effect of copper on Emmental cheese-related microflora (I & III)   
 
The experiments in study I and III were designed to evaluate the effects of copper individually on each of 
the strains tested. The various copper concentrations were prepared in different broth or agar media 
(depending on the organism and the experiment) by adding freshly made and sterile filtered (pore size 
0.45 μm; Schleider & Schuel, Dasel, Germany) 0.64% (w/v) CuSO4 for a copper content in the solution of 
2550 ppm. The control tubes or control agar plates corresponded to the same broth medium or agar 
plates, without the Cu addition, used for each strain evaluation and incubated under the same 
conditions. 
  
4.4.1 Culture conditions to study the effect of copper on Emmental beneficial microflora (I) 
 
In study I, each culture was refreshed in 5 mL broth media twice before each experiment (pre-cultures). 
All the cultures were incubated anaerobically. However, S. thermophilus T101 was incubated both 
aerobically and anaerobically, depending on the character of the subsequent study. An anaerobic 
atmosphere was created using the Baltimore Biological Laboratory (BBL) gas pack anaerobic system 
(Becton Dickinson and Co., Cokeysville, MI, USA). Table 1 summarizes the growth conditions for the 
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strains used in the evaluation of the effect of copper on microorganisms commonly used as starters and 
adjunct cultures for Emmental cheese manufacture. All the experiments were performed in 5 mL of the 
corresponding medium using 0.1% (v/v) inoculums of the pre-cultures at exponential growth phase. All 
the experiments were performed in duplicate. 
 
Table 1. Strains, growth conditions and copper concentration tested in study I to evaluate the growth and viability 
of the starters and adjunct cultures.                     
     Strain                             Growth medium       Cu concentration                            Incubation conditions 
                                                                                       (ppm)                        T (°C)                  t (h)                 atmosphere 
S. thermophilus T101       M17L broth          2.5, 5.0, 7.5, 10 & 15.      37               24, 48 &72              aerobic and 
                                                                                                                                                                                  anaerobic 
 
P. freudenreichii                  Na-lactate broth      7.5, 15 & 30                30               24, 48 &72               anaerobic 
ssp. freudenreichii P131     & MRS broth 
 
L. delbrueckii                     MRS broth                7.5, 15 & 30                     37               24, 48 &72              anaerobic 
ssp. lactis ATCC 15808 
 
L. delbrueckii                     MRS broth                7.5, 15 & 30                     37              24, 48 &72               anaerobic 
ssp. lactis LKT 
 
L. delbrueckii                     MRS broth                7.5, 15 & 30                     37              24, 48 &72               anaerobic 
ssp. lactis LL23 
 
L. delbrueckii                     MRS broth                7.5, 15 & 30                     37              24, 48 &72               anaerobic 
ssp. lactis LL78 
 
L. delbrueckii 
ssp. bulgaricus LB270     MRS broth                7.5, 15 & 30                     39.5           24, 48 &72               anaerobic 
 
L. helveticus 1129            MRS broth                7.5, 15 & 30                     39.5           24, 48 &72               anaerobic 
L. helveticus 1175            MRS broth                7.5, 15 & 30                     39.5           24, 48 &72               anaerobic 
L. helveticus 1518            MRS broth                7.5, 15 & 30                     39.5           24, 48 &72               anaerobic 
L. rhamnosus GG             MRS broth                7.5, 15 & 30                      37              24, 48 &72               anaerobic 
L. rhamnosus LC705        MRS broth                7.5, 15 & 30                      37              24, 48 &72               anaerobic 
L. rhamnosus 1/3             MRS broth                7.5, 15 & 30                      37              24, 48 &72               anaerobic_______________ 
 
4.4.2 Culture conditions to study the effect of copper on Emmental spoilage microflora (III) 
 
In study III, two experimental set-ups were designed to evaluate the effects of copper on C. 
tyrobutyricum: a germination-vegetative growth (G-V) set-up (Figure 2) and a vegetative growth-
sporulation (V-S) set-up. Both studies were performed in duplicate. In addition, for both studies, fresh 
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stock spore cultures were used as the starting material. The Cu concentrations evaluated were: 7.5, 15 
or 30 ppm. An anaerobic atmosphere was created using the BBL gas pack anaerobic system. 
 
 
In the vegetative growth-sporulation study, 1% (v/v) of spore stock preparations of each C. 
tyrobutyricum strain was added to 150 mL final volume of the RCM broth and incubated in an anaerobic 
atmosphere at 37 °C for 24 h to complete spore germination. Furthermore, each culture was divided 
into two sets of 2.5 mL subcultures and supplemented with CuSO4 stock solution to achieve the desired 
Cu concentration in the media. The control set of each subcultures corresponded to non-Cu solution 
supplements being added. All the subcultures were incubated at 37 °C in an anaerobic atmosphere. One 
set of the subcultures was incubated for 24 h, and the other set was incubated for 48 h.  
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4.5 Analysis performed to measure the effect of Cu on Emmental cheese-related microflora (I & III).  
  
OD measurement using a spectrophotometer (Novaspec II, Amershan Pharmacia, Sweden) for culture 
growth at 600 nm (OD600) and 550 nm (OD550) was utilized for direct growth measurement of all the 
strains (I) and to measure growth in the growth and sporulation study (III), respectively. One blank tube, 
containing a similar amount of Cu and having similar incubation conditions for each broth, was used to 
correct any possible color change in the growth medium due to the presence of Cu (I & III). 
A ∆ pH was measured, as an indirect measurement of growth, for each bacterial test culture and its 
corresponding blank after each incubation period (I). 
In study I, duplicate platings were performed to evaluate the effects of Cu on the viability of all the 
strains evaluated. Ten-fold serial dilutions were performed in NaCl 0.85 % solution, and 50 μL of each 
dilution was spread on the agar surface, with the exception of S. thermophilus, the platings were 
performed using a pour agar system (1 mL of appropriate dilutions was mixed with 20 mL of melted 
agar). All the plates were incubated using anaerobic incubation (BBL gas pack anaerobic system). For S. 
thermophilus T101, M17L agar plates were used and incubated at 37 °C for 48 h. For P. freudenreichii 
spp. freudenreichii P131, Na-lactate agar was used. Na-lactate agar was prepared by supplementing 
1.6% (w/v) agar (Merck) in the Na-lactate broth. The plates were incubated at 30 °C for 5 days. For all 
Lactobacillus, MRS agar (Merck) plates were used, and the plates were incubated at 37 °C for 48-72 h.  
In study III for the V-S experiment, heat-resistant spores were measured by plating 50 μl of a 10-fold 
serial dilution in 0.85% NaCl of each subculture in RCM agar media. The plates were incubated at 37 °C 
for 72 h in anaerobic atmosphere (BBL gas pack anaerobic system). The colonies formed after the 
incubation periods in this experiment, as well as the colonies formed after incubation periods in the 
experiment G-V, were counted and recorded for further statistical analysis. 
 
4.6 Emmental cheese manufacture (II) 
 
The general protocol for the production of small-scale Emmental test cheeses is illustrated in Figure 3. 
Cheeses were manufactured in stainless steel cheese vats. The raw milk and the starter cultures used 
were obtained from Valio Ltd. (Helsinki, Finland). In total, 100 L of low pasteurized milk (72 °C/ 15 s) was 
used per cheese vat. Two sets of cheeses were produced weekly and during two weeks; the same batch 
of milk was used for each week of production. In week one, one set of cheeses was prepared by adding 
1% (w/v) of CuSO4·5H2O, and the other set was produced without copper addition. On the second week, 
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the same procedure was used; however, in this case, the protective strain L. rhamnosus LC705 was not 
added. The test cheeses were designated as ChCu+LC705+, ChCu-LC705+, ChCu+LC705- and ChCu-
LC705-, respectively. 
 
Figure 3. Flow diagram for the manufacture of Emmental test cheeses. 
From the two cheeses obtained from each cheese vat (approximately 5 kg each), one cheese was used 
for sampling for the different test analyses, and the other one was kept intact for sensory evaluation 
after 90 days of ripening. 
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4.7 Analysis of milk and cheese (II) 
 
4.7.1 Microbiological analysis (II) 
 
The microorganisms were enumerated in the raw milk, pasteurized milk, milk before rennet addition, 
and in the cheeses at 1, 7, 30, 60 and 90 d of ripening. Table 2 indicates the agar media utilized for 
revealing different groups of microorganisms in the milk and cheeses together with the incubation 
conditions. 
For the analysis, 2 X 10 g of aseptically sampled cheese was homogenized using a stomacher (Colworth 
stomaker 400, Seward Ltd., London, UK) for 3 min in 90 g of sterile tri-sodium citrate solution (20 g/ L). 
Next, 10-fold serial dilutions were performed in 0.85% NaCl and were used to inoculate the specific agar 
media utilized for revealing different microbial species in milk and cheeses. All the microbiological 
sampling and analysis in milk and cheeses were performed in duplicate.  
 
Table 2. Agar media and incubation conditions used in the microbiological analysis of milk and cheese. 
 
 
Microbial analysis    Sample    
   Cheese-
milk 
  Cheese  
  Raw milk  Pasteurized milk    
 Medium Inc.(°C/h/atm.) Medium Inc.(°C/h/atm.)  Medium Inc.(°C/h/atm.) 
Total bacterial 
counts 
PCA 30/ 48/a PCA 30 /48/a    
Coliforms   VRBL-agar 30/24/ a  VRBL-agar
*
 30/24/ a 
Yeast & Molds   YGC-agar 25/120/a  YGC-agar 25/120/ a 
S. thermophilus   M17-L-agar 42/48/ an  M17-L-agar 42/48/ an 
Total lactobacilli   MRS-agar 37/48/an  MRS-agar 37/48/an 
Non-starter 
lactobacilli 
  MRS-vanc-
agar 
37/48/ an  MRS-vanc-agar 37/48/ an 
Propionibacteria   Na-lactate-
agar 
30/120/an  Na-lactate-agar 30/120/an 
*only in fresh cheese 
PCA: plate count agar (LabM Ltd.) 
VRBL: violet red bile lactose agar (LabM Ltd.) 
YGC: yeast glucose chloramphenicol agar (Merck) 
M17-L-agar: M17-lactose-agar 
MRS-vanc-agar: MRS-vancomycin-agar (MRS from LabM Ltd. Supplemented with 50 mg/ L vancomycin)  
Na-lactate-agar: Sodium lactate agar 
a: aerobic, an: anaerobic 
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4.7.2 Chemical analysis (II) 
 
The composition of raw milk before and after standardization was measured with a MilkoScan Minor 
type 78100 (Foss analytical A/S, Hillerø, Denmark). 90 days old cheeses were analyzed for total solid 
content (IDF, 1982), fat content (ISO, 1975), total nitrogen content (AOAC, 2000) and salt content using 
a chloride analyzer following the method reported by Johnson and Olson (1985).  
The pH was measured in the cheeses at all the sampling points (1, 7, 30, 60 and 90 days) using a 
waterproof multi parameter PCS tester 35 (Oakton Instruments, Vernon Hills, Il.). 
The Cu content, level of proteolysis and organic acids in the cheeses were measured at 7, 30, 60 and 90 
days of ripening. 
All the cheese samples were grated, divided into portions and stored in crimp-neck vials glasses and 
frozen at -20 °C; additionally, samples separated for organic acid analysis were injected with nitrogen 
prior to storage in a freezer. 
The Cu content was determined following the procedure of Kumpulainen and Pakki (1987) but using 
inductively couple plasma emission spectrometry (ICE-AES) with Thermo Jarrel Ash Iris Advantage 
(Frankling, MA) at the emission spectra of 327.3 nm.   
Organic acids analysis was performed by HPLC following the general protocol of Mullin and Emmons 
(1997) and Alkalin and co-workers (2002) with the following modifications:  2 g of the cheese sample 
and 10 mL 0.005 N H2SO4 was homogenized for 1 min (Ystral homogenizer, Dottingen, Germany), stirred 
in a magnetic stirred for 1 h to complete extraction, centrifuged at 6000 x g for 5 min and filtered using 
0.45 and 0.2 μm membrane filters. The organic acids were analyzed using an Agilent 1100-series HPLC 
(Agilent Technologies, Santa Clara, CA) equipped with a diode array detector. The analytical column was 
Rezex RFQ Fast Acid (100 X 7.8 mm, Phenomenex, Torrance, CA), and the mobile phase was run under 
0.005 N H2SO4 at 0.5 mL/min. The organic acids were quantified at 210 nm. 
Proteolysis analyses were performed using the fractionation of citrate dispersion in cheese (IDF, 1999).  
The N content in the different soluble fractions: soluble N compounds at pH 4.4 (pH 4.4-SN), soluble N 
compounds after fractionation with TCA from the pH 4.4-SN (TCA-SN) and, PTA soluble N compounds 
(PTA-SN) were determined using the Kjeldahl method (AOAC, 2000). 
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4.7.3 Sensory analysis of cheeses (II) 
 
Sensory analysis on 90-day ripened cheeses was performed by an expert panel (n=5) of the Finnish Food 
Safety Authority EVIRA in Helsinki. The panel consists of experts who have been performing quality 
grading of different cheeses for several years (>3yr). The analysis was performed using the quality 
scoring ISO 22935 IDF 99 method (ISO, 2009). The sensory specification was established by Codex 
Standard for Emmental (Codex Stan 269-1997). The samples were evaluated at 14 ± 2 °C. The 
descriptors of the scores on the scale are as follows: 
5 = no deviation from the pre-established sensory specification 
4 = minimal deviation from the pre-established sensory specification 
3 = noticeable deviation from the pre-established sensory specifications 
2 = considerable deviation from the pre-established sensory specifications 
1 = very considerable deviation from the pre-established sensory specifications 
 
4.8 Study on cross-reactions of polyclonal antisera produced against whole cells of Lactobacillus 
strains 
 
4.8.1 Preparation of polyclonal antisera using Lactobacillus whole cells as immunogens 
 
The preparation of the polyclonal antisera was performed at the Experimental Animal Center, University 
of Oulu, Finland. 
Three different polyclonal antisera were prepared using New Zealand white rabbits (two rabbits were 
used per each immunogen); whole bacteria cells of three Lactobacillus strains, L. rhamnosus GG (ATCC 
53103), L. rhamnosus LC705 and L. delbrueckii ssp. lactis ATCC 15808, were used as immunogens. Whole 
bacter                         h   h      ff          ( BS  H 6. )            m x   w  h       ’  
  m               w         f    h  f      h     mm               w  h       ’      m               
for the rest of the immunizations. The portion per immunization was 200 µl/ rabbit. The immunization 
protocol was three immunizations in two weeks period followed by once in a month, for a total 
immunization period of three months. After each immunization, the animals were bled for test samples. 
At the end of the immunization protocol, the rabbits were sacrificed by heart-puncture and bled 
according to the procedure of the University Animal Center. 
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4.8.2 Protein extracts preparation 
 
Exponential growth cells of L. rhamnosus GG, L. rhamnosus LC705, L. delbrueckii ssp. lactis ATCC 15808, 
L. helveticus 1175, E. coli HAMBI 99 and C. tyrobutyricum ATCC 25755 (O.D. = 0.5-0.6) were harvested by 
centrifugation at 5000 g, 5 min. at 4 °C. Cell pellets were washed three times using sterile PBS (pH 6.5) 
preceding the protein extraction steep. Protein extraction was performed following the protocol 
described by Keskitalo and co-workers (2002) with some modifications: the starting material was fresh 
cells instead of lyophilized cells in all cases. 
  
4.8.3 SDS-PAGE and Western blotting analysis 
 
One-dimensional gel electrophoresis and Western blotting were performed on Mini-PROTEAN® Tetra 
Cell with Mini Trans-Blot Module (BIO-RAD) using an SDS (Laemmli) buffer system and 12% Tris-HCl 
Ready Gel precast gels [10 wells (5.08 mm x 0.75 mm), 8.6 × 6.7 cm (W × L)] electrophoresis run at 200 
V/ 400 mA for 45 min. The protein marker used was SDS-PAGE standard Broad Range (BIO-RAD). The 
gels were transferred at 100 V/ 350 mA for 30 min. on nitrocellulose membranes (BIO-RAD).  
The gels were stained using BIO-SAVE Coomasie G-250 stain (BIO-RAD). The membranes were revealed 
with the polyclonal antiserum using a general protocol described by Harlow and Lane (1988); shortly 
after several rinses with PBS, the membranes were blocked using 3 % BSA in PBS overnight at 5 °C, 
incubation with primary antibody (polyclonal antiserum) and secondary antibody (AP-Goat Anti-Rabbit 
IgG (H+L) Alkaline Phosphatase Conjugate, ZYMED® Laboratories) was performed at room temperature 
for one hour, followed by incubation with the substrate for alkaline phosphatase (BCIP/NBT kit, ZYMED®  
Laboratories). After the primary antibody incubation, washes and subsequent incubations were 
performed using tris buffer saline TBS pH 8.0 containing 0.05% Tween 20. 
  
4.9 Statistical analysis (I, II & III) 
 
In study I, the correlations between the studied variables (pH, O.D600 and plating) were evaluated, and 
the results of some experiments were submitted to statistical analysis using one-way ANOVA. The 
analyses were performed with SPSS 15.0 for Window. The means were differentiated by LSD for P < 
0.05. 
In study II, the results from proteolysis analysis were analyzed using two-way ANOVA. Factors: Cu and  
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LC705, co-variant: cheese age. The results from the quality score in cheese were analyzed using 1-way 
ANOVA. Statistically significant differences (P < 0.0 ) w                 T k  ’  h             f      
difference test. Principal component analysis (PCA) was used to visualize the differences between 
cheeses in the quality scoring. Statistical tests were performed using PAWS Statistics (18.0.02009, SPSS 
Inc., Chicago, IL).  
In study III, statistical analysis was performed using 2-ANOVA w  h B  f      ’      -test to compare the 
means using PRISM (4.0), GraphPad, Inc. (San Diego, CA). Differences were considered to be significant 
at P < 0.05. 
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5 RESULTS 
 
5.1 Effects of copper supplement and O2 presence on growth and viability of S. thermophilus (I) 
 
Figure 4 illustrates the effects of various Cu concentrations added to M17L broth medium on the growth 
and viability of S. thermophilus T101 under anaerobic or aerobic atmospheres. The growth of this strain 
was favored by anaerobic growth conditions. However, it proved to be more sensitive to the presence of 
Cu in the growth medium under an anaerobic atmosphere.  
 
 
 
Figure 4. Effects of various copper concentrations supplemented in M17L broth on the growth and  
 viability of S. thermophilus T101 incubated at 37 °C and incubated in anaerobic- (a-c) and 
aerobic atmosphere (d-f). Measured at indicated points of incubation periods by (a & d) 
 Log10 CFUml
-1
, (b & e) OD600, and (c & f) pH. Symbols:      M17L without Cu,      M17L + 2.5 ppm 
Cu,      M17L + 5ppm Cu,      M17L + 7.5 ppm Cu,      M17L + 10 ppm Cu,      M17L + 15 ppm Cu.            
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5.2 Effects of copper supplement on growth and viability of different Lactobacillus (I)  
 
A significant (P < 0.01) correlation was observed between the three parameters studied (pH, OD600 and 
Log10 CFUml
-1) to evaluate the effect of Cu on the growth and viability of different Lactobacillus species 
(I). Correlation for pH vs. OD600 r = 0.974, correlation pH vs. Log10 CFUml
-1 r = 0.613 and correlation 
between Log10 CFUml
-1 vs. OD600 r = 0.568.  
The effects of supplemented copper on the viability of all the Lactobacillus strains tested are presented 
in Tables 3, 4 and 5. 
The tested lactobacilli exhibited variable resistance to Cu in a strain-dependent manner. Among the 
three species, L. delbrueckii exhibited the highest resistance to Cu (Table 3), and L. rhamnosus the 
lowest (Table 5). Among the L. delbrueckii, the ssp. lactis LKT was the most resistant, and L. delbrueckii 
ssp. bulgaricus LB270 was the most sensitive, being this last more sensitive to recovery in the presence 
of 30 ppm Cu in the growing medium (Table 3).  
Among the three L. helveticus strains, L. helveticus 1175 was the most resistant strain to Cu in the 
growing media and was able to maintain cell viability at 30 ppm Cu concentration in the growing media 
after 72 h (Table 4). In the presence of 30 ppm Cu in the growing media, L. helveticus 1518 and L. 
helveticus 1129 loss cell viability after 24 h and 48 h incubation, respectively. However, both strains 
were able to recover in the presence of 7.5 ppm Cu. 
Among the three L. rhamnosus strains evaluated, L. rhamnosus LC705 exhibited the highest 
sensitiveness, and L. rhamnosus GG was the most resistant, as demonstrated by the data in the Table 5, 
although the results were not significantly different. 
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Table 3. Counts of viable cells expressed in Log.10 CFU ml
-1 
± SD of Lactobacillus delbrueckii strains cultivated in 
MRS broth supplemented with various copper concentrations (0 to 30 ppm) and incubated at 37 °C in anaerobic 
atmosphere up to 72 hours. The samples were acquired at the times indicated, and the counts of viable cells were 
determined by plating in MRS agar. 
 
Strain t (h)                                         Log.10 CFU ml
-1
± SD 
                                            Copper supplemented in medium (ppm) 
  0 7.5 15 30 
ssp. lactis:      
ATCC 15808 0 5.62 ± 0.41 5.62 ± 0.41 5.62 ± 0.41 5.62 ± 0.41 
 24 8.78 ± 0.28 8.76 ± 0.24 8.50 ± 0.22 8.43 ± 0.16 
 48 6.46 ± 0.19 6.41 ± 0.09 7.09 ± 0.21 7.21 ± 0.18 
 72 4.40 ± 0.14 5.09 ± 0.12 5.49 ± 0.02 5.79 ± 0.02 
LKT * 0 5.96 ± 0.08 5.96 ± 0.08 5.96 ± 0.08 5.96 ± 0.08 
 24 8.96 ± 0.05 8.94 ± 0.03 8.96 ± 0.08 8.76 ± 0.16 
 48 8.73 ± 0.12 8.70 ± 0.14 8.77 ± 0.22 8.53 ± 0.01 
 72 7.70 ± 0.10 8.04 ± 0.16 8.43 ± 0.17 8.19 ± 0.02 
LL23 0 4.84 ± 0.12 4.84 ± 0.12 4.84 ± 0.12 4.84 ± 0.12 
 24 8.71 ± 0.01 8.77 ± 0.02 8.76 ± 0.16 6.49 ± 0.06 
 48 7.32 ± 0.21 8.18 ± 0.23 8.34 ± 0.08 8.36 ± 0.30 
 72 4.61 ± 0.04 5.77 ± 0.12 7.20 ± 0.50 8.07 ± 0.14 
LL78 0 5.00 ± 0.18 5.00 ± 0.18 5.00 ± 0.18 5.00 ± 0.18 
 24 8.76 ± 0.07 8.72 ± 0.04 8.65 ± 0.05 5.86 ± 0.19 
 48 7.67 ± 0.15 8.12 ± 0.17 8.34 ± 0.08 8.27 ± 0.13 
 72 6.48 ± 0.65 6.88 ± 0.33 7.65 ± 0.64 8.23 ± 0.17 
ssp. bulgaricus:      
LB270 0 5.95 ± 0.12 5.95 ± 0.12 5.95 ± 0.12 5.95 ± 0.12 
 24 8.86 ± 0.08 9.15 ± 0.04 8.18 ± 0.16 3.29 ± 0.17 
 48 8.07 ± 0.11 8.62 ± 0.11 8.45 ± 0.61 7.75 ± 0.34 
 72 7.81 ± 0.06 8.36 ± 0.04 8.48 ± 0.09 8.42 ± 0.34 
             * Significant at P ≤ 0.0  
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Table 4. Counts of viable cells expressed in Log.10 CFU ml
-1 
± SD of Lactobacillus helveticus strain cultivated in MRS 
broth supplemented with various copper concentrations (0 to 30 ppm) and incubated at 39.5 °C in an anaerobic 
atmosphere up to 72 hours. The samples were acquired at the times indicated, and the counts of viable cells were 
determined by plating in MRS agar. 
 
Strain t (h)                                           Log.10 CFU ml
-1
± SD 
                                            Copper supplemented in medium (ppm) 
  0 7.5 15 30 
1518 0 6.10 ± 0.12 6.10 ± 0.12 6.10 ± 0.12 6.10 ± 0.12 
 24 8.91 ± 0.02 7.91 ± 0.15 4.43 ± 0.57 2.85 ± 0.08 
 48 5.52 ± 0.17 7.50 ± 0.31 8.17 ± 0.17 0.00 ± 0.00 
 72 2.39 ± 0.09 3.89 ± 0.26 6.60 ± 0.32 0.00 ± 0.00 
1175 * 0 5.75 ± 0.03 5.75 ± 0.03 5.75 ± 0.03 5.75 ± 0.03 
 24 8.93 ± 0.05 8.26 ± 0.34 7.75 ± 0.26 6.00 ± 0.07 
 48 6.07 ± 0.01 6.76 ± 0.32 7.82 ± 0.14 7.60 ± 0.42 
 72 4.67 ± 0.85 5.85 ± 0.22 7.50 ± 0.14 7.90 ± 0.17 
1129 0 5.80 ± 0.23 5.80 ± 0.23 5.80 ± 0.23 5.80 ± 0.23 
 24 8.71 ± 0.17 6.95 ± 0.05 4.38 ± 0.13 4.06 ± 0.09 
 48 6.83 ± 0.04 8.17 ± 0.24 7.58 ± 0.33 4.39 ± 0.09 
 72 4.93 ± 0.09 6.81 ± 0.19 7.12 ± 0.19 0.00 ± 0.00 
               * Significant at P ≤ 0.0  
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Table 5. Counts of viable cells expressed in Log.10 CFU ml
-1 
± SD of Lactobacillus rhamnosus strains cultivated in 
MRS broth supplemented with various copper concentrations (0 to 30 ppm) and incubated at 37 °C in an anaerobic 
atmosphere up to 72 hours. The samples were acquired at the times indicated, and the counts of viable cells were 
determined by plating in MRS agar. 
 
Strain t (h)                                            Log.10 CFU ml
-1
± SD 
                                                Copper supplemented in medium (ppm) 
  0 7.5 15 30 
LC705 0 5.55 ± 0.23 5.55 ± 0.23 5.55 ± 0.23 5.55 ± 0.23 
 24 9.03 ± 0.23 5.75 ± 0.26 3.28 ± 0.03 3.08 ± 0.54 
 48 8.64 ± 0.35 6.93 ± 0.21 5.68 ± 0.03 5.53 ± 0.29 
 72 8.15 ± 0.13 7.81 ± 0.02 6.24 ± 0.20 5.94 ± 0.14 
1/3 0 6.35 ± 0.07 6.35 ± 0.07 6.35 ± 0.07 6.35 ± 0.07 
 24 9.27 ± 0.17 3.45 ± 0.13 3.10 ± 0.14 3.25 ± 0.21 
 48 8.92 ± 0.01 8.41 ± 0.43 2.87 ± 0.18 3.35 ± 0.07 
 72 8.65 ± 0.13 8.35 ± 0.25 4.89 ± 0.18 1.47 ± 0.01 
GG 0 6.30 ± 0.07 6.30 ± 0.07 6.30 ± 0.07 6.30 ± 0.07 
 24 9.14 ± 0.17 5.76 ± 0.10 4.89 ± 0.40 3.92 ± 0.05 
 48 7.81 ± 0.09 8.77 ± 0.12 6.52 ± 0.10 5.80 ± 0.09 
 72 5.94 ± 0.11 8.39 ± 0.10 7.09 ± 0.21 6.03 ± 0.07 
 
5.3 Effects of copper supplemented in two different laboratory growing media on the growth and 
viability of P. freudenreichii ssp. freudenreichii P131 (I) 
 
Figure 5 shows the effects of Cu on P. freudenreichii ssp. freudenreichii P131 when grown in two 
different broth media to evaluate possible interactions of different media components and copper. The 
growth of P. freudenreichii spp. freudenreichii P131 was strongly inhibited by the presence of 7.5 ppm 
Cu and completely prevented at 15 and 30 ppm in both Na-lactate and MRS broth.  However, cell 
viability was not lost even in the presence of 30 ppm. Figure 5 shows the effects of Cu on P. 
freudenreichii ssp. freudenreichii P131 when grown in two different broth media to evaluate possible 
interactions of different media components and copper. 
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Figure 5. Effects of various Cu concentrations in Na-lactate broth (a & b) and MRS agar (c & d) on the growth and  
 viability of P. freudenreichii ssp. freudenrichii P 131. Incubated at 30 °C in anaerobic atmosphere and  
 measured at the indicated points of incubations by (a & c) Log10 CFUml
-1
 and (b & d) OD600. Symbols:      
                    Na-lactate/ MRS without Cu addition,     Na-lactate/ MRS broth + 7.5 ppm Cu,     Na-lactate/ MRS broth 
                + 15 ppm and       Na-lactate/ MRS broth + 30 ppm.  
 
 
5.4 Effects of copper on microbiological, chemical and sensory properties of Emmental cheese (II) 
 
The raw milk batches utilized for cheese making had the following average composition: fat: 4.57± 
0.10% (w/w), protein: 3.40 ± 0.10% (w/w), lactose: 4.45 ± 0.09% (w/w) and milk solids nonfat (MSNF): 
8.79 ± 0.05% (w/w). The average total bacterial counts in raw milk were 4.23 log CFU/mL and 3.90 log 
CFU/mL for the first and second week, respectively. After pasteurization, the total bacterial counts in the 
cheese milk were under 3 log CFU/mL in all cases. Coliforms and yeast and molds were under the level 
of detection. 
The general composition of standardized pasteurized milk used for the test cheeses is shown in Table 6. 
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Table 6. General composition % (w/w) of the pasteurized milk used for test cheeses manufacture. 
 
  Trial   
 ChCu+LC705+ ChCu-LC705+ ChCu+LC705- ChCu-LC705- 
Fat 3.00 2.99 3.00 2.99 
Protein 3.48 3.48 3.5 3.48 
Lactose 4.57 4.56 4.58 4.59 
MSNF 8.91 8.90 8.93 8.92 
 
 
The initial counts of supplemented starters and adjunct cultures in pasteurized milks used for all the test 
cheeses are listed in Table 7.  As expected, the counts on MRS-vancomycin were negative in the cheese 
milks where the protective strain L. rhamnosus LC705 was not added during cheese making (test 
cheeses ChCu+LC705- and ChCu-LC705-). 
 
Table 7. Microbiological counts of pasteurized milk after cultures addition used for the manufacture of  
 Emmental test cheeses. 
 
Agar media  PMS counts (log cfu/mL)  
 ChCu+LC705+ 
 
ChCu-LC705+ 
 
ChCu+LC705- 
 
ChCu-LC705- 
 
M17-lactose agar 6.77 6.86 6.65 6.69 
de Man, Rogosa, and Sharpe (MRS) agar 
 
6.71 6.85 6.78 6.88 
MRS-vancomycin agar 6.79 6.83 <1 <1 
Na-lactate agar 5.69 5.77 5.73 5.69 
PMS = pasteurized milk after starter addition. 
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The final compositions of the 90-day-old cheeses, with mean values of the determination ±SD, together 
with final copper content in cheeses are listed in Table 8. 
 
Table 8. Main composition (mean % ± SD) and Cu content of 90-day-old Emmental test cheeses. 
                                           
Test Cheeses      Composition (%)   Cu content 
(mg/ kg) 
 Fat Protein Moisture NaCl  
ChCu+LC705+ 31.25±0.35 28.69±0.66 36.71±0.05 0.80±0.24 15.4 
ChCu-LC705+ 29.50±0.00 30.14±0.52 37.65±0.20 0.70±0.15 1.6 
ChCu+LC705- 31.00±00 28.69±0.30 36.64±0.15 0.85±0.15 14.2 
ChCu-LC705- 30.25±0.35 29.30±0.18 36.10±0.06 0.92±0.25 1.13 
 
The pH was firstly measured in the fresh test cheeses (after 2 h pressing time). The values in cheeses 
made without Cu were between 0.2- 0.3 pH units lower than those in the cheeses made with Cu 
addition in the cheese milks, suggesting some effect on the lactic acid formation.  At the end of the 
pressing time (18 h) and after 7 days of ripening, 0.17 and 0.2 pH unit differences, respectively, were still 
observed between cheeses ChCu+LC705+ and ChCu+LC705- (data not shown). Later on the pH values of 
the cheeses did not show any significant differences: the pH values of all the cheeses varied between 
5.6-5.7. 
The Cu content in the first and second batches of cheese-milk were 0.11 and 0.07, respectively. The Cu 
content in 90 d old cheeses (Table 8) was slightly higher in the set of cheeses produced adding L. 
rhamnosus LC705 which were produced with the first batch of milk; this difference could be attributed 
to the initial Cu content in the raw milk used to prepare this set of cheeses.  
 
The effects of copper supplements on the level of starters and adjunct cultures in the test cheeses at 
various ripening periods are illustrated in Figure 6. M17 agar is a medium commonly utilized for the 
enumeration of Lactococcus and Streptococcus species. The counts on M17L agar did not reveal 
significant differences among the young cheeses (30 d or less) due to the presence of Cu. Notably, the 
count remained much higher after 60 and 90 days of ripening in the cheeses made without the 
protective strain L. rhamnosus LC705 (Figure 6a).  
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Figure 6. Effects of copper supplement in cheese milk on the levels of starters and adjunct cultures in cheeses at  
                various ripening times as measured by counting in different agar plates media: (a) M17-L agar  (b) MRS   
                agar   (c) MRS-vancomycin agar and (d) Na-lactate agar. 
 
 
MRS agar is the most common agar medium for the enumeration of different Lactobacillus species in 
dairy products. The counts on MRS agar were similar for all the cheeses until the 30-day ripening 
periods. However, at and after 60 days of ripening, the counts were much lower in the cheeses 
produced without L. rhamnosus LC705 (Figure 6b). 
The difference in counts in MRS-vanc. agar appears to only be due to the presence of the protective 
strain L. rhamnosus LC705 (Figure 6c). Cu supplemented in cheese milk did not appear to have an effect 
on the counts on this agar medium. However, in cheeses made without L. rhamnosus LC705, the counts 
gradually increased even though they never reached the values of cheeses made with the addition of L. 
rhamnosus LC705. This increase could result from some other NSLAB present in the cheese milk or in the 
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cheese-making environment or be due to contamination with the L. rhamnosus LC705 strain because 
MRS-vanc. agar does not allow the growth of many other lactobacilli such as L. helveticus starter strains.  
As observed in Figure 6d, the presence of Cu did not significantly affect the counts in Na-lactate agar 
throughout the ripening time. L. rhamnosus strains are also used to slow down propionic acid 
fermentation in Emmental cheeses. However, no evident differences were observed in the counts 
between cheeses produced with or without the addition of L. rhamnosus LC705 to the cheese milk. 
 
An alternative method to evaluate the effects of Cu on the starters and adjunct cultures is by measuring 
their activities in the cheeses, such as through the determination of the main organic acids produced by 
this group of organisms. Figure 7 shows the effects of Cu addition on the production of lactic acid (a), 
pyruvic acid (b), propionic acid (c) and acetic acid (d).  
The content of lactic acid at 7 days of ripening appears to be affected more by the presence of L. 
rhamnosus LC705 than by the presence of 15 ppm Cu in the cheese. As commented before, differences 
in pH between cheeses containing Cu added or no into the cheese-milk, was observed during pressing 
time but not latter on cheeses. However, after 30 days of ripening, the lactic acid content was 
considerable higher in the cheeses made with the Cu supplement, with the exception of point 90 d of 
ChCu-LC705-, which shows an increased value for an unknown reason (Figure 7a). The lower 
consumption of lactic acid, the main carbon source in the cheeses for propionibacteria during warm-
room ripening time, suggested an inhibition of this organism by the presence of Cu. 
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Figure 7. Effects of supplemented copper on the development of main organic acids in the test Emmental  
                 cheeses: (a) lactic acid, (b) pyruvic acid, (c) propionic acid and (d) acetic acid.  
   
 
The pyruvic acid content was very similar in all the cheeses after 7 days of ripening. However, a 
considerable increase was observed at 30 days of ripening (end of warm-room fermentation) in the 
cheeses containing 15 ppm Cu (Figure 7b). Generally, a gradual decrease was observed at the 
  
56 
 
subsequent ripening points in all the cheeses containing supplemented Cu. A significant relative increase 
in pyruvic acid was observed in the 90-d-old ChCu-LC705-. 
As observed in Figure 7c, the cheeses containing 15 ppm Cu exhibit lower values of propionic acid at the 
end of warm-room fermentation (30 d) and the values remain lower until the end of fermentation (90 
days). The propionic acid formation by P. freudenreichii spp. freudenreichii P131 in the test cheeses 
appears to be more affected by the presence of 15 ppm Cu than by the presence of the protective strain 
L. rhamnosus LC705 (Figure 7c). The contents of acetic acid after 30 d were also lower in the cheeses 
containing 15 ppm Cu (Figure 8d). However, in this case, the difference was greater when L. rhamnosus 
LC705 was absent. The higher content of acetic acid in the ChCu-LC705- test cheese after 30 d was 
gradually reduced during maturation; in contrast, the rest of the cheeses exhibited a gradual increase. 
The final levels of acetic acid in all four test cheeses were very similar at the end of ripening (90 d). 
 
Figures 8 a, b and c present the results after statistical analysis of the data generated from proteolysis 
analysis of the cheeses at various ripening periods. The levels of all the N fractions are mostly affected 
by the age of the cheeses. Copper had a significant effect on the level of 4.4-SN at every stage of 
ripening (Figure 8a). The level of TCA-SN showed an increase in the cheeses produced with the Cu 
supplement in the cheese milk after warm-room fermentation until the end of ripening; but this 
increase was not statistically significant (Figure 8b). However, the supplement of Cu in cheese milk 
significantly (P < 0.05) decreased the levels of PTA-SN in the test cheeses during the ripening time. 
No effect on proteolysis was observed due to the presence of L. rhamnosus LC705 (data not shown). 
Additionally, no statistically differences were observed due to the interaction of Cu and the protective 
strain. 
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Figure 8. Effects of supplemented copper on proteolysis of test Emmental cheeses. Mean and standard deviations  
                 (SD) of different N fractions in cheeses with added Cu (gray bar) and without added Cu (white stripped  
                 bar): (a) pH 4.4-soluble N (%TN), (b) TCA-soluble N from pH 4.4 SN, (c) PTA- soluble N (%TN).   
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Figure 9 presents the results of the sensory evaluation of the four Emmental test cheeses. Principal 
component analysis (PCA) reveals that all the cheeses differ from each other. PC1 explained 68% of the 
variance; the samples were distributed along PC1 according to the supplement of Cu. In addition, 
consistency grouped Cu + cheeses, indicating a positive effect of added Cu on the consistency of cheeses 
(Figure 9a). The ANOVA analysis confirmed these results (Figure 9b). PC2 explained 28% of the variance, 
and the samples were distributed along it according to the addition of the protective strain L. rhamnosus 
LC705. A significant difference in the appearance of cheeses produced without this protective strain was 
observed (Figure 9b), with the difference being attributed to eye formation in the cheeses. However, no 
significant differences in the flavor of cheeses were observed due to the presence of Cu or L. rhamnosus 
LC705. The low scores given to the appearance of all the cheeses were attributed to problems with the 
rind/ surface appearance mostly because greasy rind appearance and discoloration spots in the cheeses. 
 
 
Figure 9. Effects of supplemented copper on sensory characteristics of Emmental test cheeses made with and   
                   without Cu addition and with and without the addition of the protective strain L. rhamnosus LC705. 
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5.5 Effects of supplemented copper on germination, growth and sporulation of Clostridium 
tyrobutyricum (III) 
 
The three main phases of the life-cycle for bacteria that form spores are usually divided into: 
germination of spores, vegetative growth and sporulation. In practice, these three phases are very 
difficult to separate from each other. Considering that each of these phases may have a unique effect on 
the final response to the presence of Cu for C. tyrobutyricum, the studies were divided into two parts: 
(1) effects of Cu on germination and growth and (2) effects of Cu on growth and sporulation. In addition, 
to examine possible strain-depending responses, three different strains were included in these studies.  
Sensitivity differences by the presence of Cu on germination and growth were observed between strain  
ATCC 25755 and the other two strains tested (Figure 10). Strain ATCC 25755 was the most resistant; no 
significant differences were observed when exposed to 7.5 ppm Cu in the medium compared with the 
control (no Cu added) at both incubation times (Figure 10b). The other two strains (DMSMZ 664 and 
VHB 8) were irreversibly affected by Cu even at the lowest Cu concentration tested (7.5 ppm). Copper 
may affect the spore germination process, the vegetative growth process or both processes, depending 
on the concentration of Cu in the medium. Longer incubation times (72 h) did not exhibit any recovery. 
Dose-depended reductions in the counts suggest that the effects of Cu most likely affect the 
germination process more. 
The effects of Cu on the growth and sporulation of the three C. tyrobutyricum strains are shown in 
Figures 11 and 12, respectively. The results in this study revealed that strain VHB 8 was the most 
resistant among the three strains tested to the total effect of Cu. Exposure of this strain to 
concentrations of 7.5 ppm and 15 ppm Cu for 24 h hardly affected its vegetative growth (Figure 11) or 
sporulation process (Figure 12). The vegetative growth of strain ATCC 25755 was significantly affected 
during the first 24 h of exposure to Cu; however, a recovery at concentrations of 7.5 and 15 ppm after 
48 h was observed (Figure 11). Sporulation of this strain was irreversibly affected by the presence of 15 
ppm Cu in the medium (Figure 12). Strain DSMZ 664 was the most sensitive among the three strains 
studied to the presence of Cu in the medium concerning both the growth phase (Figure 11) and 
sporulation phase (Figure 12).  
For all three strains, the vegetative growth phase appears to be less affected compared with the 
germination or sporulation phases (Figures 10-12). 
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Figure 10. Effects of copper on germination and growth of three C. tyrobutyricum spore strains. 
                                     Symbols:     RCM agar without Cu addition,      RCM agar + 7.5 ppm Cu,        
                                                          RCM agar + 15 ppm Cu,         RCM agar + 30 ppm Cu. 
 
 
 
Figure 11. Effects of copper on growth of three C. tyrobutyricum strains. 
                                                          Symbols:     RCM broth without Cu addition,       RCM broth + 7.5 ppm Cu,        
                                                                               RCM broth + 15 ppm Cu,         RCM broth + 30 ppm Cu. 
 
 
Figure 12. Effect of copper on sporulation of three C. tyrobutyricum strains. 
                                                      Symbols:      RCM agar without Cu addition,       RCM agar + 7.5 ppm Cu,        
                                                                             RCM agar + 15 ppm Cu,          RCM agar + 30 ppm Cu. 
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5.6 Anticlostridial Lactobacillus rhamnosus LC705 strain shares homologous antigens with Clostridium 
tyrobutyricum ATCC 25755 
 
Protein extracts from different bacterial species were used to test possible cross-reactions with three 
polyclonal anti-lactobacillus antisera. As expected, all three antisera recognized multiple proteins for the 
different lactobacilli protein extracts (Figures 13). The antisera rose against whole cells of  
L. rhamnosus LC705 and L. rhamnosus GG recognized more bands among the tested L. rhamnosus 
strains than the bands corresponding to the other two Lactobacillus species tested, L. helveticus 1175 
and L. delbrueckii ssp. lactis 15808. Notably, the polyclonal antiserum rose against L. rhamnosus LC705, 
reacted with five to six protein bands of C. tyrobutyricum ATCC 25755 (Figure 13 b). Cross-reactions of 
ATCC 25755 proteins were also observed with the other two membranes revealed with L. rhamnosus GG 
antiserum (Figure 13 a) and L. delbrueckii ssp. lactis 15808 antiserum (Figure 13 c); however, a smaller 
number of bands was recognized. These results suggest more abundant common epitopes shared 
between C. tyrobutyricum ATCC 25755 and L. rhamnosus LC705. Figure 14 presents the results of the 
cross-reactions when using a polyclonal antiserum obtained from a second rabbit immunized against L. 
rhamnosus LC705. No cross-reactions with the corresponding negative serum, obtained before 
immunization, of the immunized animals and protein-extracts of C. tyrobutyricum ATCC 25755 were 
observed in any of the three cases (results not shown). 
E. coli HAMBI 99 proteins showed cross-reactions in three bands of the Western blot with L. rhamnosus 
LC705 antiserum (Figure 13). The corresponding negative serum (results not shown) revealed six to 
seven cross-reacting protein bands, including the observed bands recognized in the positive serum, 
suggesting that the recognition of the three proteins in E. coli HAMBI 99 extracts is due to previous 
natural immunization of the rabbit against similar organisms (coliforms) in the environment to which the 
immunized rabbit were exposed.  
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Figure  13. Results on cross reactions between three different Lactobacillus antisera and different bacterial protein 
                    extracts: (a) SDS-Gel, (b) membrane revealed with L. rhamnosus GG antiserum, (c) membrane revealed   
                    with L. rhamnosus LC705 antiserum and (d) membrane revealed with L. delbrueckii ssp. lactis ATCC  
                   15808 antiserum. 
     Protein extracts in the SDS gel from left to right: 1: protein markers, 2: L. rhamnosus GG,  
                    3: L.  rhamnosus LC705, 4: L. delbrueckii ssp. lactis 15808, 5: L.  helveticus 1175, 6: E. coli HAMBI 99  
                    and 7: C. tyrobutyricum ATCC  25755. Gel stained with coomassie blue. 
                    Protein extracts in the membranes from left to right: 1: C. tyrobutyricum ATCC 25755, 2: E. coli HAMBI  
                    99, 3: L. helveticus 1175, 4: L. delbrueckii ssp. lactis 15808, 5: L. rhamnosus LC705, 6: L. rhamnosus    
                    GG, and 7: Pre-stained protein markers. Antiserum dilution 1:4000. Secondary antibody: goat 
                    anti-rabbit label with alkaline phosphatase, chromogenic substrate. 
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Figure  14. Results on cross reactions between L. rhamnosus LC705 antiserum and different bacterial protein  
                    extracts: (a) SDS-Gel, (b) Membrane revealed with L. rhamnosus LC705 antiserum. 
                    Protein extracts in the SDS gel from left to right: 1: L. rhamnosus GG, 2: L. rhamnosus LC705, 
                    3: L. delbrueckii ssp. lactis 15808, 4: L. helveticus 1175, 5: C. tyrobutyricum ATCC  25755  
                    and 6: E. coli HAMBI 99 . Gel stained with coomasie blue. 
                    Protein extracts in the membranes from left to right: 1: E. coli HAMBI 99, 2: C. tyrobutyricum ATCC  
                    25755, 3: L. helveticus 1175, 4: L. delbrueckii ssp. lactis 15808, 5: L. rhamnosus LC705, 6: L. rhamnosus   
    GG. Antiserum dilution 1:4000. Secondary antibody: goat antirabbit label with alkaline phosphatase,  
    chromogenic substrate.             
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6 DISCUSSION 
 
6.1 Effects of copper on the beneficial bacteria associated with Emmental cheese (I) 
 
The study of 13 strains, including the starters and secondary cultures that are utilized in the 
manufacture of Finnish Emmental cheese, focused on the effects of Cu on the growth, acid production 
and cell viability of each strain in a proper culture medium supplemented with Cu at concentrations 
relevant to Emmental cheese.  
Of all the strains studied, S. thermophilus T101 exhibited the greatest sensitiveness to Cu present in the 
growing medium. This inhibition was more evident when the study was performed in anaerobic 
conditions.  Redox recycling between Cu2+ and Cu+ can catalyze the formation of highly toxic hydroxyl 
radicals, which are responsible for damaging biomolecules such as lipids, proteins and DNA (Harrison et 
al., 2000). 
In E.coli, both Cu2+ and Cu+ can permeate the outer membrane; however, only Cu+ can permeate the 
inner membrane and enter into the cytoplasm (Chaturvedi and Henderson, 2014). Macomber and Imlay 
(2009) demonstrated that Cu+ is more toxic than Cu2+ when applied under anoxic conditions on wild-
type and mutant E.coli lacking copA cueO cusCFBA. Our results on S. thermophilus T101 are consistent 
with the results of Maurer et al. (1975) and Kiermeier et al. (1961), which reported that S. thermophilus 
was the most sensitive to the presence of Cu in milk among the group of bacteria studied. 
The toxicity of Cu depends on environmental factors such as pH, redox potential, moisture, temperature 
and interaction of Cu with other ions present (Gad and Griffiths, 1978 and Babich and Stotzky, 1980). Cu 
toxicity may also depend on various types of interactions with different cellular components and, 
consequently, on how these affect the biochemical and physiological functions of the cell. The toxicity 
exerted by Cu, directly or indirectly, can alter enzyme specificity, disrupt cellular functions, and damage 
nucleic acid structure (Chaturvedi and Henderson, 2014). 
The Lactobacillus species included in the study exhibited variation in Cu resistance both in species- and 
strain- dependent manner: L. rhamnosus expressed the lowest resistance followed by L. helveticus, and 
the most resistant was L. delbrueckii. The variability of Cu resistance at the strain and species level can 
be partially explained by the compositional and structural variation of the negatively charged cell wall or 
excreted biopolymers such as capsular or free exopolysaccharides and teichoic acids (TA), including 
lipoteichoic acid (LTA) and wall teichoic acid (WTA). Räisäinen et al. (2007) reported differences in the 
LTA structures of some L. delbrueckii ssp. lactis strains, some of which were included in this study. In 
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addition, some L. delbrueckii strains and some L. helveticus strains can release LTA structures to the 
medium (MRS broth) (Viitanen et al., unpublished results). Varying Cu-bounding capacities to free and 
cell-bound LTA can be one possible explanation for the observed differences in the resistance to Cu 
exhibited by Lactobacillus. The fact that S. thermophilus, which was demonstrated to be most sensitive 
to Cu, lacks the gene cluster involved in TA biosynthesis (Hols et al., 2005) supports this hypothesis. 
Ramamoorthy and Kushner (1975) have demonstrated that Cu is able to bind different components of 
the medium. However, our attempts to elucidate if different growing media affect the Cu tolerance of 
Propionibacterium freudenreichii ssp. frudenreichii P 131, did not demonstrate any variation in the effect 
of Cu on this strain. Na-lactate broth favors the growth of this strain more than MRS broth; however, the 
behavior of growth in the presence of identical Cu concentrations was very similar at almost all 
incubation points. 
The exclusion of copper ions from inside the microbial cell is thought to be the main mechanism of Cu 
resistance. In E. coli, the main mechanism of Cu resistance involves Cu efflux, whereas in Pseudomonas 
syringae, the resistance is associated with mechanisms that involve Cu sequestration. However, the 
genes involved in the Cu-resistance mechanism exh       h  h         f   m        (O’H         1  3). 
More recent studies have revealed that certain lactobacilli strains possess an ability to chelate metal 
ions such as Cu2+ and Fe2+. Lactobacillus plantarum KCTC 3099 and Lactobacillus casei 3260 exhibited 
higher chelating activity when compared with other tested Lactobacillus strains (Lee, et al., 2005a, b). 
This chelating ability may be responsible for the higher observed Cu tolerance of these strains compared 
with the other strains tested. 
 
6.2 Effects of copper supplement in the cheese-milk on bacterial levels in Emmental cheese during 
ripening (II) 
 
The results on the bacterial levels in the Emmental test cheeses produced with and without a Cu 
supplement in the cheese milk and obtained at different points of cheese ripening did not reveal many 
differences in any of the plating systems used. The agar media utilized as well as the incubation 
temperature conditions lack bacterial species specificity. M17 agar supplemented with glucose or 
lactose is the current medium used for revealing Lactococcus and Streptococcus in many dairy products 
but is not a totally selective medium for these species. MRS agar, which is the most commonly utilized 
medium for revealing lactobacilli, enables enumeration under certain incubation conditions to 
discriminate a particular non-starter Lactobacillus. However, this medium is also not highly selective. 
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This type of non-specificity is a well-known limitation for most of the media used for revealing bacteria 
on different food matrices (Tharmaraj and Shah, 2003).  
The difference of only 0.5 log units for S. thermophilus counts at the day-1 sampling suggests the 
inhibition of cell activity more than the inhibition of cell growth and viability, as the pH values of the 
cheeses without supplemented Cu were lower by more than 0.2 pH units at this point, and this 
difference remained up to 7 days. The reduced acid production by S. thermophilus, which was attributed 
to the presence of Cu in milk, was previously reported by Muller (1952). A decrease in the S. 
thermophilus counts to levels of approximately 5 log units, which was observed in the cheeses where L. 
rhamnosus LC705 was added as a protective culture, usually occurs in Emmental cheese during cold 
room ripening due to more pronounced cell lysis (Valence et al., 2000). Similar to the results with the 
M17L and MRS platings, the counts on Na-lactate agar did not reveal significant differences related to 
the presence of 15 ppm Cu in the test cheeses. However, the results on the organic acid compositions of 
the cheeses revealed differences between cheeses manufactured with or without Cu addition into the 
cheese-milk. 
 
6.3 Effect of copper supplement in the cheese-milk on chemical and sensory properties of cheeses (II) 
 
The Cu supplement in the cheese milk markedly affected the production of the organic acids in the 
Emmental test cheeses. The accumulation of lactic and pyruvic acids in the cheeses containing 15 ppm 
Cu could indicate a possible inhibition by Cu on the lactate catabolism of P. freudenreichii ssp. 
freudenreichii strain P 131. The growth of PAB in lactate carbon source medium is initiated by oxidation 
of lactate to pyruvate (Piveteau, 1999). The accumulation of pyruvate in the Cu-supplemented cheeses 
could be the result of excretion by the cells due to toxically high internal levels of pyruvate. The 
pyruvate pool must be regulated by the microbial cells to be under toxic concentrations (Hugenholtz, 
1993). The excretion of toxic levels of pyruvate has been suggested as one of the possible mechanisms 
used by P. shermanii to regulate the internal pool of pyruvate in lactate metabolism (Deborde and 
Boyaval, 2000). Pyruvate accumulation inside the cell could be the consequence of inhibition at one or 
more steps of pyruvate catabolism to propionate, acetate and CO2. 
The presence of Cu in the Emmental test cheeses markedly affected the level of propionic acid and to a 
lesser extent the level of acetic acid, suggesting once more an inhibition by Cu on the propionic acid 
fermentation. However, the ratio between propionate and acetate was not affected by the presence of 
Cu. The propionate/acetate ratio reported for commercial Finnish Emmental is approximately 1:0.7 
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(Pillonel et al., 2002). These results are consistent with our results. The propionate/acetate ratio is also 
very important in the expected final quality of Emmental cheese. 
 
The level of proteolysis was affected by the presence of 15 ppm Cu in the Emmental test cheeses. The 
degree of proteolysis as measured by the 4.4-SN content was higher in the test cheeses containing 15 
ppm Cu. However, the contrary occurs for the content of PTA-SN, whose values were lower in the test 
cheeses containing 15 ppm Cu.  The 4.4-SN fraction contains proteins (except intact caseins), all 
peptides, amino acids and smaller N compounds such as amine, urea and ammonium (IDF, 1999). The N-
compounds found in PTA-SN are small peptides, amino acids and smaller N compounds (IDF, 1999).  Our 
results on the levels of proteolysis are consistent with those of Maurer and co-workers (1975); although 
in this study proteolysis was measured using a different approach. 
As previously mentioned, the presence of Cu appeared to regulate secondary proteolysis, as measured 
by PTA-SN. One possible explanation of our results could be an inhibition of peptidases of LAB and 
NSLAB, which are known to be the main enzymes responsible for the extended proteolysis in Emmental 
cheese (Gagnaire et al., 2001a). A strong inhibition of the S. thermophillus and L. delbrueckii ssp. 
bulgaricus aminopeptidases activities in the presence of Cu2+ has been observed (Tsakalidou et al., 
1993). A tripeptidase from L. helveticus strain 53/7 has been reported to be completely inhibited by the 
presence of Cu2+ (Savijoki and Palva, 2000). 
 
The results of the sensory evaluation of Emmental test cheeses revealed a positive effect by Cu on the 
final quality of the cheeses. The consistency and flavor received higher scores in the cheeses made from 
Cu-supplemented cheese milk. The texture of cheeses denotes the consistency and structure of the 
cheese body, which is closely related to primary proteolysis. Cheeses with limited primary proteolysis 
are usually described as flat in taste with a rubbery consistency. In contrast, cheeses with extended 
proteolysis have a sharp taste and shorter body (Fröhlish-Wyder and Bachmann, 2004). The correlation 
between the degree of proteolysis measured by 4.4-SN and TCA- SN and better consistency obtained in 
cheeses containing 15 ppm Cu corroborate the positive effect of Cu on the final Emmental cheese 
quality. 
The addition of the protective strain L. rhamnosus LC705 negatively affected the eye formation of 
cheeses for which Cu was not supplemented in the cheese milk. L. rhamnosus strains are among those 
lactobacilli intentionally commonly utilized in Emmental cheese to slow down propionic bacteria 
fermentation (Fröhlish-Wyder and Bachmann, 2004). Our studies on pure strains (I) reveal some 
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inhibition of L. rhamnosus LC705 by the presence of Cu in the growth medium. One explanation for the 
poor eye formation could be related to the inhibition in the lactate fermentation of propionibacteria 
caused by L. rhamnosus LC705 being more active in the cheese without supplemented Cu.  
 
6.4 Effects of copper on the spoilage bacterium Clostridium tyrobutyricum associated with Emmental 
cheese (III) 
 
No previous studies have been published on the effects of Cu on C. tyrobutyricum or on any other 
clostridial species associated with the late blowing defect of Emmental caused by butyric fermentation. 
However, our results demonstrated that Cu tolerance of this species varied in a strain-dependent 
manner. Furthermore, the germination and sporulation processes appear to be more affected than the 
vegetative growth phase. The molecular composition of the spores differs considerable from the 
vegetative cell composition. Bacillus subtilis spore coat is a multilayered structure composed of up to 25 
different proteins and is very rich in cysteine groups with a high degree of S-S cross-linking. This 
characteristic has been associated with its resistance to agents such as chloroform and lysozyme (Driks, 
1999). 
A possible explanation of our results could involve the presence of common molecules involved in the 
germination and sporulation processes. These molecules could specifically react with Cu and interfere 
with the completion of the germination and sporulation processes. Molecules such as spore membrane 
proteins and coat proteins are often rich in the cysteine groups required for disulfide bridge formation 
(Henriquez and Moran, 2000 and Chada et al., 2003). 
Because our studies on C. tyrobotyricum strains were performed in RCM broth, direct conclusions 
cannot be drawn on the possible effects of Cu on C. tyrobutyricum in cheese-milk and cheese. However, 
the Cu concentrations tested in our study are similar to those that C. tyrobutyricum can encounter in 
cheeses during Emmental cheese ripening. Spoilage by this organism occurs once the conditions in the 
cheese allow the spores to germinate and grow: during warm room fermentation of Emmental cheese, 
after the rind formation has occurred and the environment inside the cheese is more anaerobic, and the 
temperature further favors the growth of vegetative cells. Copper alloys with a Cu content of 70 % were 
shown to be more efficient than stainless steel surfaces in reducing the risk of germination of spores and 
the survival of vegetative cells of C. difficile (Weaver et al., 2007). 
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The presence of Cu in cheese, originated through the use of Cu kettles as in the traditional Emmental 
cheese manufacture or by the addition of Cu salts to the cheese milk when the cheese manufacture 
occurs in stainless steel kettles, could reduce the risk of late blowing caused by C. tyrobutyricum. 
  
6.5 Potential implications of the cross-reactions of particular C. tyrobutyricum ATCC 25755 proteins 
with the polyclonal anti-L. rhamnosus LC705 antiserum 
 
The cross-reactions of C. tyrobutyricum ATCC 25755 extract proteins with the anti-L. rhamnosus LC705 
antiserum revealed several common epitopes between these two bacterial strains. More detailed 
studies are required to identify which structures cross-reacted and how this reaction could be applied to 
develop immunochemical detection techniques for C. tyrobutyricum. However, different strains of C. 
tyrobutyricum as well as other clostridial species should be tested for specificity. In addition, 
determining whether the cross-reactions occur with the epitope structures present on the spore instead 
of the vegetative cells will be most important for practical applications. Early detection of clostridial 
spores, the causative agent of late blowing in cheeses such as Emmental cheese (mainly C. 
tyrobutyricum), using a sensitive and fast method continues to be an important unsolved issue in the 
dairy industry.  
The method developed by Lavilla and co-authors (2010) using a polyclonal antiserum raised against C. 
tyrobutyricum and two fluorescent molecules conjugated to antispore polyclonal antibodies to detect C. 
tyrobutyricum spores using flow cytometry has produced very promising results.  
 Furthermore, it could be of interest to determine if these cross-reactive proteins have any molecular 
explanation related to the anticlostridial activity of L. rhamnosus LC705. 
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7 CONCLUSIONS 
 
Three main conclusions have been derived from the studies performed to elucidate the effects of 
copper on the bacteria related to Finnish Emmental cheese and its final quality: 
1. The analysis of the effects of copper on individual strains in culture media and incubation 
conditions that favor their growth reveals high variability of copper resistance in a species- and 
strain- dependent manner. Consequently, careful selection of cultures is required depending on 
the conditions of the manufacturing practices related to the copper supplement in cheese milk.  
2. When Emmental cheeses are manufactured in stainless steel cheese vats, a copper sulfate 
supplement in the cheese-milk is used to reach similar copper levels as in traditional Swiss 
Emmental produced in copper vessels. The addition of copper produced positive effects on the 
final quality of the cheeses made in stainless steel vat under pilot plant conditions simulating in 
many aspects the commercial Finnish Emmental cheese manufacture. Although traditional 
plating systems for the enumeration of the bacterial population in the test cheeses did not 
reveal drastic differences related to the presence of copper, chemical and sensory analysis 
suggest that the addition of copper has a beneficial effect on the final quality of Finnish 
Emmental cheese. 
3. Copper, at the levels found in Finnish Emmental cheese, inhibits the germination, growth, and 
sporulation of all three C. tyrobutyricum strains tested; germination and sporulation were highly 
affected. The copper supplement in cheese milk for the Emmental cheese manufacture might 
diminish the risk of late blowing defect in Emmental cheese caused by clostridial butyric acid 
fermentation. The effects of copper on the germination process are of crucial importance as 
germination is a prerequisite for the vegetative growth that primarily causes the spoilage in the 
cheeses. 
In addition, the preliminary results on immunochemical cross-reactions between polyclonal 
antiserum produced against the protective strain L. rhamnosus LC705 and several proteins of  
C. tyrobutyricum ATCC 25755 could be applied to develop detection techniques for C. tyrobutyricum 
spores in milk. 
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